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PREFACE'. 


BOVE  two  thoufarid  copies  of 


the  former  volumes  of  my  Che- 
mical Eflays  have  been  fold,  in  lefs 
than  five  years.  I mention  hot  this 
cijcumftance  out  of  vanity,  or  as  if  I 


thought  it  contained  any  proof  of 


their  merit  •,  but  I produce  it  as  a 
folid  proof,  of  the  difpofition  of  the 
Public  to  become  acquainted  with 
chemical  Subjefts^  when  they  are 
treated  in  a popular  way.  This  dif- 
pofition has  been  long  prevalent  in 
foreign  countries  it  feems  to  be 
gaining  ground  in  our  ownj  and  if  I 
■ VOL.  IV.  a have 
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have  endeavoured  to  contribute  a lit- 
tle towards  its  eftablifliment  amongft 
us,  I hope  the  utility  of  the  defign 
will  plead  my  excufe  v/ith  thofe  who, 
in  the  feverity  of  their  judgments, 
may  think,  that  I have  contributed 
more  than,  from  the  nature  of  my 
Profeffion  and  Situation,  1 ought  to 
have  done. 

When  I was  eledled  Profeffor  of 
Divinity  in  1771,  I determined  to 
abandon  for  ever  the  Study  of  Che- 
miftry-,  and  I did  abandon  it  for  fe- 
- veral  years : but  the  — veteris  veftigia 
fiammts  — ftill  continued  to  delight 
me,  and  at  length  fed  need  me  from 
my  purpofe.  When  I was  made  a 
Bilhop  in  1782,  I again  determined 
to  quit  my  favourite  purfuit ; the 
volume  which  I now  offer  to  the 
Public  is  a fad  proof  of  the  imbeci- 
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Iky  of  my  refolution.  I have  on  this 
day,  however,  offered  a facrifice  to 
other  people’s  notions,  I confefs,  ra- 
ther than  to  my  own  opinion  of 
Epijcopal  Decorum  — I have  deftroy- 
ed  all  my  chemical  Manufcripts.  — ■ 
A profpeft  of  returning  health  might 
have  perfuaded  me  to  purfue  this 
delightful  fcience-,  but  I have  now 
certainly  done  with  it  for  ever;  at 
leaft  I have  taken  the  moft  effeftual 
fbep  I could  to  wean  rnyfelf  from 
an  attachment  to  it,  for  with  the 
holy  zeal  of  the  Idolaters  of  old, 
who  had  been  addisked  to  curious  arts- 
—I have  burned  my  books,—  I will  have 
one  word  more,  however,  at  parting; 

I have  fpent  the  bell  part  of  my 
life  in  this  Univerfity;  and  .have  not 
been  wholly  incurious  in  obferving 
what,  I thought,  were  either  excely 
a-  2 licence 
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lencies  or  defeats  in  our  mode  of  Edu- 
cation. I mean  not  on  this  occafion 
to  enlarge  upon  either,  but  fimply  to 
take  the  liberty  of  fuggefting  an 
hint,  which  has  often  engaged  my 
attention.  The  hint  refpedls  — "The 
Uiility  of  an  Academic  InJlituHon  for 
injlrudiing  young  Men  of  Rank  and  For- 
tune in  the  Elements  of  Agriculture ; in 
the  Principles  of  Commerce-,  and  in  the 
Knowledge  of  our  Manufadlures. 

This  kind  of  ftudy  would  agree- 
ably folicit,  and  might  probably  fe- 
cure,  the  Attention  of  that  part  of 
our  Youth,  which,  in  being  exempt- 
ed from  the  difcipline  of  Scholaftic 
Exercifes,  has  abundant  leifure  for 
other  purfuits which,  in  being  born 
to  opulence,  is  (I  will  fay)  unhappily 
deprived  of  one  of  the  ftrongell  in- 
centives to  intellcclual  Exertion  — 


nar- 
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narrownefs  of  fortune;  — it  would 
prepare  them  for  becoming,  at  a 
proper  age,  intelligent  Legiflators  of 
their  Country;  and  it  would  infpire 
them  with  fuch  a tafte  for  Hulban- 
dry,  as  might  conftitute  the  chief  fe- 
licity of  their  future  lives. 

When  the  Treaty  with  Ireland  was 
agitated  laft  year  in  Parliament,  the 
utility  of  a comprehenhve  knowledge 
of  our  commerce  and  manufaftures 
was  perfectly  underftood,  both  by- 
thofe  w'ho  pofiefled  it,  and  by  thofe 
who  lamented  their  want  of  it.  The 
commerce  of  Wool,  Corn,  Cotton, 
Hemp,  Flax,  Silk,  Beer,  Wine,  Spi- 
rits, Saks,  Sugar,  Tar,Glars,  Earthen 
Ware,  Iron,  Copper,  Lead,  Tin,  &c. 
&c.  are  fubjedts  of  great  importance 
to  this  Country,  and  it  is  humbly  ap- 
prehended, that  they  are  fubjedts  alfo 
a 3,  on 
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on  which  there  are  but  few  perfons 
in  either  houfe  of  Parliament,  who 
have  had  an  opportunity  of  being 
■ properly  inftrufted,  during  the  courfe 
of  their  Education. 

Davenanty  Child,  Pojllethwayte, 
Anderjon,  and  a great  many  other 
eminent  writers  on  Trade  and  Com- 
merce, would  fupply  ample  Ma- 
terials for  a Syftem  of  Ledures, 
equally  ufeful  and  entertaining.  But 
as  the  attention  of  young  men  to 
abftrad  fpeculations  is  apt  to  flag, 
unlefs  the  fubjedt  be  enlivened  by  a 
reference  to  the  Senfes,  together  with 
the  commercial  Account,  I fhould 
think  there  might  properly  be  given, 
both  the  Natural  Hiftory,  and  the 
Chemical  Analyfis  of  the  various  ob- 
jeds  which  may  fall  within  the  com- 
prehenfion  of  fuch  a plan. 


My 
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My  own  notion,  indeed,  of  Na- 
tional Improvement,  Security,  and 
Happinefs,  tends  not  fo  much  to  the 
extending  of  our  commerce,  or  the 
increahng  the  number  of  our  manu- 
fafturers ; as  to  the  increafing  of  an 
hardy  andi  comparatively  fpeaking, 
innocent  Race  of  Peafants,  by  mak- 
ing Corn  to  grow  on  Millions  of 
Acres  of  Land,  where  none  has  ever 
grown  before.  Let  us  but  once  have 
as  many  Britons  in  the  Kingdom,  as 
the  well  cultivated  Lands  of  Great 
Britain  are  able  to  fuftain,  and  we 
fliall  have  little  to  regret  in  the  lofs 
of  America  •,  nothing  to  apprehend 
from  the  partitioning  policy  of  all  the 
continental  Defpots  in  Europe.  I en- 
ter not  into  the  queftion  concerning 
the  population  of  the  country  •,  whe- 
ther the  Inhabitants  of  the  Kingdom 
a4 
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are  more  or  fewer  now  than  they  were 
a century  ago,  cannot  be  conjedured 
with  any  great  probability  from  the 
furveys  of  particular  diftrifts,  but  the 
real  number  may  be  known  with 
little  difficulty,  whenever  the  Legif- 
lature  lliail  be  delirous  of  obtaining 
information'  on  the  Subjeft  : for  the 
Kingdom  being  divided  into  Coun- 
ties, and  the  Counties  into  Pariffies, 
&c.  an  adtual  Enumeration  of  the 
Inhabitants  might  be  made  every  ten 
years,  by  the  Minifters  and  Church- 
wardens of  the  feveral  Pariffies,  with 
as  much  certainty  as  the  nature  of 
the  fubjeft,  confidered  in  a political 
light,  would  require.  But  whatever 
may  be  the  prefent  number  of  the 
Inhabitants  of  Great  Britain,  there  is 
no  one  who  has  thought  upon  the 
fubjed,  but  muft  admit,  that  were 

our 
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our  Lands  brought  to  their  proper 
State  of  Cultivation,  they  would  af- 
ford maintenance  to  twice  as  many 
as  at  prefent  exift  in  the  Country.. 
In  thus  fixing  the  Bafis  of  National 
Strength,  in  the  improved  Cultiva- 
tion of  our  Lands,  I am  far  from 
infinuacing,  that  Manufaftures  and 
Agricukure  cannot  fubfift  in  an  emi- 
nent degree  of  perfedion  together: 
on  the  contrary,  I confider  them  as 
mutually  fubfervient  to  each  other, 
and  am  quite  aware,  that  in  the  pre- 
fent date  of  the  Finance  of  this  Kingr 
dom,  cur  Commerce  ought  to  be 
eherilhed  with  fingular  Indulgence. 
Nor  fhall  we  fufficiencly  avail  our- 
felves  of  the  ineftimable  Advantage 
of  an  Infular  Situation,  if  we  do  not 
confider  our  Glory  and  our  Safety  as- 
ciofely  conneded  v/ith  the  Number 

of 
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of  our  Seamen  and  every  child  in 
Politics  muft  know,  that  the  number 
of  our  Seamen  will  ever  be  propor- 
tioned to  the  extent  of  our  foreign, 
and  domeftic  Commerce. 

Of  all  the  Amufements  or  Em- 
ployments in  which  Country  Gentle- 
men are  engaged,  that  of  fuperintend- 
ing  with  intelligence  the  cultivation 
of  a Farm  is  one  of  the  moft  ufeful 
to  the  Community,  as  well  as  to  the 
Individual  who  applies  himfelf  to  it. 
Great  Improvements  have  been  made 
in  Agriculture  within  the  laft  fifty 
years : there  is  a chaos  of  printed 
Information  on  the  Subjedt,  which 
wants  to  be  digefted  into  form,  in 
order  to  be  made  generally  ufeful. 
The  feveral  Agricultural  Societies, 
which  have  been  eftablifhed  by  Gen- 
tlemen in  different  parts  of  the  King- 
dom, 
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dom,  have  done  great  Service;  we 
owe  to  their  endeavours  and  to  the 
patriotic  Exertions  of  one  deferving 
Citizen  *,  the  prefent  flourifhing 
condition  of  our  Huibandrv ; but  far 
more  Gentlemen  would,  probably, 
have  been  induced  to  turn  their 
thoughts  that  way,  and  all  of  them 
with  better  profpeds  of  fucceeding 
in  their  inquiries,  had  they,  in  their 
youth,  been  carefully  inftrufted  in 
the  Principles  of  Vegetation,  in  the 
Chemical  ^alities  of  Soils,  and  in 
the  Natures  and  Ufes  of  different  Ma- 
nures. — But  I mean  only  to  give  a 
hint  concerning  an  Inftitution,  which 
I have  no  manner  of  expedtarion  of 
feeing  eftablillred,  though  I am  fully 
perfuaded  it  would  be  both  a public 
benefit,  and  highly  ufeful  to  that 
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Clafs  of  Perfons  of  whofe  Education 
I have  been  fpeaking. 

Young  Men  of  Fortune  feel  not 
the  want  of  perfonal  Merit  during 
the  fhort  time  which  they  fpend  at 
the  Univerfities : they  fee  Confe- 
quence  and  Refpeft,  it  is  true,  an- 
nexed in  thofe  Seminaries  to  Learn- 
ing and  Talents,  but  in  the  world 
they  fee  little  refpedled  but  Wealth ; 
and  pofleffmg  that,  or  expelling  to 
poffefs  it  from  their  Anceftors,  they 
are  eafily  .allured  by  the  Indolence 
which  is  natural  to  the  Human  Spe- 
cies, and  by  the  Improvidence  which, 
is  incident  to  their  time  of  life,  to. 
Ihrink  from  the  talk  of  acquiring, 
accomplilhments  really  honourable, 
really  ufeful,  and  really  their  own. 
When  they  are  called  to  the  Legiila- 
tion  of  their  Country,  or  when  they 
y be- 
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become  Matters  of  families,  or  are  in 
any  way  fettled,  as  it  is  called,  in  the 
world,  then  they  begin  to  be  fenflble 
of  the  deficiencies  of  their  perfonal 
Acquirements-,  they  ceafe  not  to  la- 
ment throueh  life  their  own  want  of 
forefight,  in  negledling  the  Opportu- 
nities of  Improvement  which  were 
offered  to  them  in  the  Univerfities, 
or  the  Supinenefs  of  thofe  who  had 
the  care  of  their  Education,  in  not 
having  ttimulated  them  to  the  pur- 
fuit  of  ufeful  ftudies.  This  is  only 
the  general  account,  for  there  are 
fome  to  whom  it  is  not  applicable; 
and  though  it  may  not  be  in  our 
power  to  counteradt  the  indolent 
propenfities  of  Nature,  or  to  ftem 
the  torrent  of  faftiionable  levities,  to 
which  young  Men,  by  a too  early  in- 
trodudion  into  the  world,  are  fatally 


ex- 
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expofed ; yet  it  is  our  Duty  to  en^ 
deavour  to  augment  the  number  of 
thofe,  who,  at  fo  green  an  Age,  have 
learned  to  make  a proper  eftimate  of 
their  future  intelleftual  wants;  and  I 
know  no  method  better  adapted  to 
effeftuate  this  defirable  End,  than  to 
propofe  to  them  entertaining  Objedts 
of  Study,  of  which  they  may  clearly 
perceive  the  inimediate  utility,  in  the 
application  of  the  knowledge  they  at- 
tain, to  the  important  purpofes  of 
Legiflative  Policy  and  Rural  (Eco- 
nomics. 

I fliall  be  told,  that  there  is  not 
time  for  this ; that  even  Claffics, 
Ethics,  Mathematics,  and,  God  for- 
bid I fhould  omit  what  is  of  infinitely 
more  value  than  all  the  reft,  the  In- 
ftitutes  of  Chriftianitv,  can  be  but 
fuperficially  attended  to  during  the 
; few- 
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few  Months  which  thefe  young  Men 
refide  in  the  Univerfities.  I will 
not  attempt  to  obviate  this  Objeftion 
by  making  an  invidious  comparifon 
betweed  theUtility  of  Claffics, Ethics, 
or  Mathematics,  and  the  branches  of 
Study  here  hinted  at ; I admit  the 
force  of  it  in  its  full  extent.  But  I 
beg  leave  to-  allt,  whofe  fault  is  it 
that  young  Men  of  Fortune  flay  not 
more  years  with  us,  and  refide  not 
amongft  us  more  months  in  every 
year  ? Why  muft  they,  as  foon  as 
they  have  huddled  through  fix  or 
eight  Terms,  be  hurried  abroad  as  if  it 
were  from  an  Apprehenfion,  that  they 
have  Learned  as  much  as  an  Englifii 
Univerfity  can  teach  them  ? Foreign 
Travel  is  of  great  ufe,  when  it  is  un- 
dertaken by  Men  v/ho  have  learned 
to  bring  their  pafiions  under  the  con.. 

trol. 
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tiol  of  Reafon  and  Religion  i who 
have  had  fome  Experience  in  Life, 
acquired  fome  Knowledge  of  the  Ma- 
nufactures, Policy,  Revenues,  and 
Refources  of  their  own  Country;  the 
acquaintance  of  fuch  Men  will  be 
fought  after  by  perfons  of  Charadter 
and  Learning  in  every  country  they 
pafs  through,  they  will  be  in  a con- 
dition to  receive,  becaufe  they  will 
poffefs  the  Ability  of  communicating 
Knowledge.  But  the  prefent  mode 
of  fending  our  young  Men  into  France 
and  Italy  tends  only  to  fill  Great  Bri- 
tain with  dabblers  in  Virtu,  pretend- 
ers in  Tafte,  fciolifts  in  Literature, 
and  infidels  in  Religion. 

But  I perceive  myfelf  infenfibly 
falling  into  what  I mean  to  avoid  — 
A difcufljon  of  the  excellencies  and 
defeats  of  our  Syftem  of  Education.^ 

Our 


PREFACE. 

OurExcellencies  are  greater,  perhaps:^ 
than  thofe  who  know  us  not,  are  apt 
to  fuppofe ; and  our  defedls  are  not 
fo  much  defefts  in  our  Inftitution 
(though  I have  never  fcrupled  to 
profefs  an  humble  Opiniort  that  it 
might  be  amended)  as  in  our  Difci- 
pline;  and  the  defedts  in  our  difci- 
pline,  are  not  fo  properly  our  defedts, 
as  the  defeds  of  the  Manners  of  the 
Age.  If  a young  Man  at  feventeen  be 
accuftomed  at  home  to  have  horfes 
always  at  his  command;  to  follow 
country  diverfions  without  reftraint ; 
to  mix  in  long  convivial  familiarity 
with  perfons  of  advanced  age;  to 
drink  as  much  as  he  pleafes  at  his 
father’s  table ; to  hear  improper  con- 
nexions with  the  Sex  fpoken  of  in  all 
companies  as  venial  levities,  and  not 
to  hear  them  ferioufly  cenfured  in  any 
VOL.  IV.  b as 
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as  Offences  againft  Chriftian  Moraj^ 
lity;  and  if  to  all  this  he  be  fup- 
plied,  through  a deftruftive  indul- 
gence, with  fums  of  money  exceflive 
for  his  age,  and  far  fuperior  to  his- 
wants,  can  it  be  a matter  of  wonder,, 
that  it  is  not  in  the  power  of  an  Uni- 
verfity  to  redify  the  diforders  of  fuch^ 
a domeftic  Education  ? I have  no  in- 
tention to  miOead  the  Opinion  of  the 
world  concerning  us,  nor  to  excul- 
pate ourfelves  by  criminating  others; 
If  we  yield'  to  the  corruption  of 
the  Age,  we  yield  as  (lowly  as  wc‘ 
eanj  and  it  is  not,  perhaps,  pofTible 
for  us,  wholly  to  efcape  the  Malignity, 
of  its  Influence,. 

Cambridge,  - 


Three 
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Three  of  the  following  tra£ls  have  been 
publilhed,  the  other  three  were  only  printed 
and  given  away:  they  would  make  a lifth 
volume,  but  1 think  it  would  not  be  accept- 
able to  many  readers. 

Inflitutionum  Chemicarum  in  Praeledlioni- 
bu3  Academicis  explicatarum^  pars  Metal- 
lurgica.  Cantabrigiae,  1768. 

Experiments  and  Obfervations  on  various 
Phenomena  attending  the  Solution  of  Salts. 
Publiihed  in  the  Philofophical  Tranf.  1770. 

An  Efiay  on  the  Subjefts  of  Chemiftry  and 
their  general  Divifion.  Printed  at  Camb. 
J771. 

A Plan  of  a Courfc  of  Chemical  Leflures. 
Printed  at  Camb.  1771. 

Some  Remarks  on  the  EfTeds  of  the  great 
Cold  in  February,  1771.  Publifhed  in  the 
Phil.  Tranf.  1771. 

Account  of  an  Experiment  made  with  a 
Thermometer,  the  Bulb  of  which  was  paint- 
ed black,  and  expofed  to  the  direct  Rays  of 
the  Sun.  Publiihed  in  the  Phil.  Tranf.  1773. 
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ESSAY  I. 

Of  haph  Calaminaris — Blende-^ 


Zinc — Brafs. 


H E two  principal  ores  of  zinc 


are  calamine  and  blende.  The 


Arabic  word  climia^  or,  as  it  is  pro- 
nounced by  fome,  calimia,  denotes 
the  fame  fubftance  which  we  call  lapis 
calaminaris^  calamine.,  or  calamy%  and 
lienee  Salmajius  is  of  opinion,  that 
they  judge  very  prepofteroufly  who 
would  derive  calamine  from  calaem,  an 


A 


Indian 


C ^ ) 

Indian  word  fignifying,  according  to 
him,  a fpecies  of  metal  refembling 
tin,  which  is  dug  ntds  Malacca*. 
With  due  deference  to  his  authority, 
,I  would  otderve,  that  Indian  calaem 
is  not  like  tin.  Many  years  ago  the 
•Dutch  took  a Portuguefe  velfei  which 
was  laden  with  -f , and  from  all 

the  experiments  whicli  were  made 
upon  that  fubftan'Ce,  it  appeared  to 
be  zinCf  or  that  metallic  fubftance, 
which  we  in  Europe  have  very 

lately 

• Cadmla  Arabibus  dickur  dimia,  quod 
squidam  pronuntiarunt  calimia,  unde  Graecis 
recentioribus  interdum  fcribitur,  un- 

• de  noftris  Gallis  calamina  et  lapis  calamina- 
ris ; quam  vocem  quidam  praepoftere  dedu-, 
cunt  ab  Indico  calaem,  quod  metalli  genus 
eft  ftanno  fimile  baud  longe  ex  Malacca  erui 
folitum.  Salm.  de  Homony.  Hy.  lat.  C. 
;CXXII. 

f Savotus  de  Nura.  Ant.  P.  11.  C.  XIV. 
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lately  learned  the  method  of  extrad- 
'ing  from  calamine.  Both ' calamine 
and  zinc  have  the  property  of  chang- 
ing copper  to  a ydkw  colour;  and 
this  is  the  mo  ft  diftinguifhing  pro- 
perty of  them  both;  it  is  that  fon^ 
which  they  are  both  fought  after  in: 
commerce,  and  as  ciimia  and  calaem 
have  the  fame  radical  letters,  and  de- 
note in  the  Arabic  and  Indian  lan-^ 
guages,  two  fubftances  which  .agred; 
in  one  of  their  moft  charaiSteriftic 
properties,  I leave  it  to  others  to  de- 
termine whether  they  are  not  the  fame 
word,  and  in  which  of  the  two  lan- 
guages that  word  was  originally  form- 
ed.— The  other  ore  of  zinc  is  called 
-by  the  Germans  blende  % from  its 
'blinding,  or  mifleading  appearance; 
it  looking  like  an  ore  of  lead,  but 
yielding  (as  was  formerly  thought) 
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no  metallic  fubftance  of  any  kindjt. 
A particular  fort  of  lead  ore  has  been 
called  by  Pliny,  galena,  from  a Greek 
y/ord  fignifying  to  ftiine,  becaufe  it 
is  compofed  of  fhining  particles ; our 
.potters  ore  and  the'Derbyfhire  lead 
ore  is  of  this  fort;  blende  much  re- 
fcmbles  galena,  but  yielding  no  lead, 
it  has  been  called  falfe  or  pfeudo-ga- 
lena,  or  mock  lead-,  our  Englilh  miners 
have  called  ’ it  black  jack,  and  that  is 

..  the 

Pfeudp-galena  nomen  iuum*exinde  ac- 
.quiiivit,  qtiod  faciem_quafi.  miners  plumbea: 
prse  fe  ferat,  fed  mentiatur,  cum"  id  revera 
non  contineat,  quod  exteino  afpeftu  pollice- 
tun  Gernianis  appellatur  blende  ti'blenden, 
quia,  cum  falfo  fpeciem  miners  faturninae  prx 
. fe  fert,  exinde  oculos  fafcinet,  vel  iis  impo- 
nat.  Pott  de  Pfeudo-galena,  p.  io6.— They 
have  in  Staifijrdfliire  a fort  of  iron,  which 
they  - call  blende-metal,  of  which  they  make 
nails,  hammers,  &c.  Plot's.  Staf. 
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the  name  by-which  it  is  known -to 
the  makers  of  brafs.  Black  jack  'rej. 
fembles  lead  ore  fo  much',  that  the 
miners  fometimes  fucceed  in  felling, 
to  inexperienced  fmelters,  black  jack 
inftead  of  lead  ore  j I ' have  heard  of 
the  fraud  being  carried  to  fo  great  an 
extent  in  Derby  (hire,  that  from  a ton 
of  ore  there  was  not  obtained  above  a 
few  ounces  of  lead ; though  a ton  of 
unadulterated  lead  ore  yields  in  Der- 
byfhire,  at  an  average, >14  or  15. hun- 
dred weight  of  lead. 

Calamine  is  found  in  moft  parts  of 
Europe  i w-e  have  great  plenty  of  it 
in  Somerfetjhire,  Flintjhir;e,  Derby/hirc^ 
and  in  many  other  parts  of  England. 
It  is  fcarcely  to  be  diftinguiflied  byits 
appearance  from  Tome  forts  of  lime- 
ftone for  it  has  none  of  the  metallic 
ludre  ufually  appertaining  to  ores ; it 
A 3 ■ diJfers, 
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differs,  however,  by  its  weight  from 
every  fort  of  ftone,  it  being,  bulk, 
for  bulk,  near  twice  as  heavy  as  either 
flint,  or  limeftone.  Before  the  reign 
of  Elizabeth,  this  mineral  was  held 
in  very  little  eflimation  in  Great  Bri- 
tain ; and  even  at  fo  late  a period  as 
towards  the  end  of  the  lafl;  century, 
it  was  commonly  carried  out  of  the 
kingdom  as  bailaft,  by  the  fliips 
which  traded  to  foreign  parts,  efpe- 
cially.to  Holland*.  Its  life  is  now 
as  perfeftly  underftood  in  England, 
as  in  any  part  of  the  world;  and  as. 
we  have  greater  plenty  of  calamine, 
and  that  of  a better  fort,  than  moft 
other  nations  have,  there  is  no  fear  of 
our  loflng  the  advantages  in  this  ar- 
ticle 

• EfTay  on  Metal : words  by  Sir  Pettusj 
•—and  Phil. Tranf.  for  1694; 
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tl'cle  of  trade,  which  we  are  now  pof- 
felled  of. 

Great  quantities  of  calamine  have 
of  late  years  been  dug  in  I)erbyfhire,, 
on  a fpot  called  BonJale  Moor,  in  the 
neighbourhood  of  Matlock.  A bed 
of  iron  ftone,  about  four  feet  in 
thicknefs,.  lies  over  the  calamine  j 
and  the  calamine  is  much  mixed  not 
only  with  this  iron  llone,  but  with- 
cawk,  lead,  ore,  and  limeftone.  The 
calamine  miners  never  wilh  to  meet 


with  lead  ore;  they  fay,  that  it  eats 
up  the  calamine;. and  the  lead  miners 
in  return  never  wilh  to  m.eet  with 
calamine  in  a rich  vein  of  lead  ore, 
fince  they  are  perfuaded  that  it  in- 
jures the  quality  of  the  ore.  It  would, 
be  too  much  to  infer  from  thefe  ob- 
fervations  of  the  miners,  that  one  of- 
thefe  fubftances  arifeis  from  the  na- 
A'4..  - tural 
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tural  decompofition  of  the  other. 
Juxtapofuion  of  fubftances  in  the 
bowels  of  the  earth  is  no  certain 
proof  of  their  being  derived  from 
each  other;  for  no  one  will  contend 
that  chert  is  derived  from  the  lime- 
ftone  in  which  it  is  bedded;  or  flint 
and  pyrites  from  the  chalk  in  which 
they  are  found ; yet  when  a great 
variety  of  fubftances  are  found  mixed 
together  in  the  fame  little  lump,  the 
mind  cannot  help  conjefturing,  that 
a more  improved  ftate  of  mineralogy 
will  fhew  fome  connexion  in  their 
origin.  I have  often  feen  calamine, 
and  black  jack,  and  lead  ore  — and 
cawk,  black  jack,  and  lead  ore  bedded 
together  in  the  fame  piece  of  fpar. 

The  calamine  annually  raifed  in 
Derbylhire,  amounts  to  about  fif- 
teen hundred  tons.  Sixty  years 

ago> 
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ago,-  (as  I'was  informed  by  an  intei'- 
ligent  dealer  in  calamine,  whofe  fa- 
‘ther  was  one  of  the  firft  who  dug  ic 
in  that  county,)  they  did  not  raife 
forty  tons  in  a year.  The  Derby/Jiire 
calamine  does  not  bear  fo  good  a 
price  as  that  which  is  gotten  about 
' Mendip  m Somerfet/hire the  former 
being  fold  for  about  forty  Ihillings, 
and  the  latter  for  fixty  five  or  fe- 
venty  Ihillings  a ton  before  drejfing  : 
when  thoroughly  dreffed,  the  Derby- 
fhire  calamine  may  be  bought  for 
about  fix-guineas,  and  the  other  for 
eight  pounds  a ton.  This  dreffing 
of  the  calamine  confifts,  princi- 

• pally,  in  picking  out  all  the  pieces 
of  lead  ore,  limeft-one,  iron  llone, 
cawk,  and  other  heterogeneous  fub- 
ftances  which  are  mixed  with  it,  when 

• it  is  firft  dug  from  the  mine,;  this- 

picked 
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picked'  calamine  is  then  calcined  in; 
proper  furnaces,  and  by  calcination 
it  lofes  between  a third  and  a fourth 
part  of  its  weight. 

The  fubftance  which  is  loft  during, 
the  calcination  of  the  calamine  is  not 
either  fulphur  or  arfenic,  or.  any  thing, 
which  can  be  colleded,  by  the  fides 
of  an  hori2tontal  chimney,,  as  is  the 
cale  in  fome  forts  of  copper  and  lead 
ores;  hence  it  would  be  quite  unfer- 
viceable  to  roaft.  calamine  in  a fur- 
nace with  fuch  a chimney.  The- 
truth  of  this  remark  will  appear  from 
the  following  experiment. 

I took  120  grains  of  the  beft  Dir- 
'■  byjhire  calamine,  and  diflblvred  them 
in  a diluted  vitriolic  acid;  the  foiu- 
- lion  was  made  in  a Florence  flalk,  and. 
the  weight  of  the  acid-and  flafk.  was' 
taken  before  the  folution  coijimenced. 

About 


( ” )‘ 

About-  twenty  hours  after  the  folui 
tion  had  been  finilhed*  I weighed  the- 
flafk  and  its  contents^  and  found  that 
there  had  been  a lofs  of  40  grains,  or 
one  third  the  weight  of  the  calamine; 
about  a grain  of  earth  remained  at 
the  bottom  undifiblved..  If  the  fame 
quantity  of  the  pureft  limeftone  had 
been  dilTolved  in  the  fame  way,  there 
would  have  been  a lofs  of  weight 
equal  to  54  grains;  the  fubftance 
which  is  feparated  from  calamine  by 
calcination,  or  by  folution  in  an  acid, 
is  of  the  fame  nature  with  that  which  is 
feparable  from  limeftohe  by  the  fame 
procefies — fixed  air.  This  air  having 
the  property  of  changing  the  blue  co- 
lour of  vegetables  to  a.  red,  as  well  as 
many  other  properties  of  amacid,  and 
being  contained  in  great  abundance 
in  the  atmofphere,  has  been  called  by 

fome 
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fome  — aerial  acid — - and  by  others-; 
from  its  coriftituting  nine  parts  in 
twenty, of  chalk  and  other  calcareous 
— chalky  acid- — and  from  its 
being  deflruflive  of  flame  and  animal 
life,  fome  have  denotriinated  it  — 
mephitic  air.  The  weight  which  was 
thus  loft*  by.difTolving  the  Derbyfliire 
calamine  in  an  acid,  eorrefponds  fuf- 
ficjently  with  that  wbich-  the  work- 
men obferve  to  be  lofl:  during  the 
calcination  of  that  mineral  ^ fo  that 
thefe  proceflcSi  as  was  obferved  in  a 
former  Eflfay  concerning  firnilar  ones 
when  applied  to  calcareous  earths, , 
mutually  confirm  each  other. ' 

Bergman  ahkivaSy  that  loo  grains  • 
of  FlintJJiire  calamine  loft  by  calcina- 
tion 34  grains  now  this  quantity  • 
eorrefponds,  as  much  as  can  be  ex- 


* Vol.  11.  p.  327. 
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peded,  in  tilings  of  this  fort,  with 
the  lofs  which  I obferved  during  the 
foiution  of '120  grains  of  the  Derby- 
.friire  calamine*,  for  if  I had  diflblved 
only  100  grains,  the  lofs  would  have 
•been  33'.  The  fame  author,  hov/- 
ever,  remarks  that  'lOO  grains  of 
Flintfhire  calamine,  when  dijOfolved 
in  an  acid,  gave  only  128  grains  of 
air;  and  he  thinks  that "6  grains  of 
water  are  contained  in  every  -100 
grains  of  that  fort  "of  . calamine ; for 
he  takes  the  difference  which  he  6b- 
*ferved,  between  the  weight  of  air  ob- 
rtained  by  foiution,  and  the  lofs  of 
weight  fuftained  during  the  calcina- 
tion of  100  grains  of  calamine,  to  be 
owing  to  the  water  which  is  dif- 
perfed  during  the  procefs  of  calcina- 
tion *.  Fontana  obtained  190  grains 

of 

'*  Bergman  has  ufed  ’the  fame  method  of 

analyz- 
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‘6f  fixed  air  from  576  grains  oi  So- 
■merJetJJiire  c^ldxmnf,  according  to  the. 

• fame  proportion,  had  he  ufed  only 

100 

• analyzing  other  fcbHances,  containing  fixed 
air,  particularly  calcareous  earths.  He  found 
that  100  grains  of  tranrparent  calcareous  fpar 
gave,  by  folutlon  in  an  acid,  34  grains  of 

• fixed  air,  and  loll:  by  calcination  45  grains'i 
the  diiFerence,  1 1 grains,  he  fays  is  water, 
which,  though  expelled  by  the  fire,  remains 
mixed  with  the  acid,  and  hence  ico  grains 
of  fuch  fpar  contain  55  grains  of  lime,  34 
grains  of  fixed  air,  and  1 1 grains  of  water. 
1' have  a little  difficulty  in  admitting  this 
mode  of  inferring  quautity  of  water  con- 
tained in  the fe  bodies;  Ido  not  ablblutely 
deny  the  juftice  of  it,  but  I hefitate  concern- 
ing it ; becaufe  from  experiments  which  I 
made  with  alHthe  care  I could,  and  which 
are  mentioned  in  -the  Efiay  on  calcareous 
earths,  I found  that  fine  tranfparent  fpar,  very 
white  marble,  &c.  loit,  as  nearly- as  could  be 
efiimated,  the  fame  weight,  whether  they 
were  diffolved  in  an  acid,  or  calcined  in  a 
iirong  fire. 
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lOO  grains,  he  would  have  had  33 
grains  of  fixed  air,  inftead  of  the  28 
which  Bergman  got  from  the  Flint- 
fiiire  calamine;  I faydnftead  of  the 
28,  for  I am  inclined  to  think,  that 
the  Derbylhire,  Flintfhire,  and  So- 
merfctfhire  calamines  do  not  differ 
niuch  from  each  other  in  the  quantity 
of  air  which  they  contain;  but  that 
the  apparent  difference,  in  the  analy- 
fes  of  them  here  mentioned,  proceeds 
rather  from  the  mode  of  operating, 
than  from  the  fubfiances-themrelves. 
But  though  future  experience  Ihould 
prove,  that  very  pure  pieces  of  the 
calamines  we  are  fpeaking  of  do  ex- 
adly  agree,  as  to  the  quantity  of  air 
-contained  in  them,  it  will  not  fol- 
low, that  the  calamines,  as  prepared 
for  fale  by  the  miners  or  burners, 
will  be  fimilar  to  each  other  in  all 

their 


■ ( ) 

tliHr  properties ; fince  they  may  'be 
mixed  with  different  quantities  and 
with  different  forts  of  heterogeneous 
fubflanres;  from  which  it  may  be  im- 
poiflibie  wholly  to-ffee  them. 

■The  reader  muff  not  conclude, 
from  what  has  been  faid,  that- all  forts 
of  calamine  lofe  one  third  of  their 
weight  by’ calcination,  or  afford  fixed 
air  by  folution  in  acids.  Bergman 
analized  fome  caflamine  from  Hun- 
gary, and  he  found  loo  grains  of  it 
to  confift  of  84  grains  Of  the  earth  of 
zinc,  3 ' of  the  earth  of  iron,  i of 
clay,  and -rz  of  filicious  earth ; no 
mention  ds  made  • of  water  in  this 
analyfis 

In  the  great  works,  where  calamine 
is  prepared  for  the  brafs-makers,  af- 
ter it  has  beeiKproperly  calcined,  by 

■ which 

’•  Berg.  Chem.  EiT.  Vol.  II.  p.  325. 
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•whicH  procefs,  as  has  been  obferved, 
it  loies  between  a third  and  a fourth 
part  of  its  weight,  it  is  again  care- 
fully picked,  the  heterogeneous  parts 
having  beea  rendered  more  difcerni- 
ble  by  the  adtion  of  the  firej  it  is 
then  ground  to  a fine  powder,  after- 
wards it  is  walhed  in  a oentle  rill  of 
water,  in  order  to  free  it,  as  much  as 
pofllbie,  from  the  earthy  particles 
with  which  it  may  be  mixed  j for 
thefe,  being  twice  as  light  as  the  par- 
ticles of  the  calamine,  are  carried 
off  from  it  by  the  water  ; it  is  then 
made  up  for  fale.  A ton  of  the 
crude  Derbylhire  calamine,  as  dug 
from  the  mine,  is  reduced,  by  the 
various  procefles  it  undergoes  before 
it  becomes  faleable,  to  about  twelve 
hundred  weight;  and  hence  it  has 
loft  8 parts  in  20.  Of  the  8 hun- 
VOL,  IV.  B dred 


( i8  ) 

dred  weight  thus  loft  in  a ton,  6|  may 
be  efteemed  fixed  air,  the  remaining 
part,  amounting  to  if,  confifts  of 
Ibme  impurities  which  have  been 
picked  out  or  wafhed  away,  and  of 
fome  portion  of  the  metallic  part  of 
the  calamine,  which  is  inflamed  and 
driven  off  during  the  calcination.; 
for  I cannot  agree  with  Wallerius^^ 
in  fuppofing  that  the  ores  of  zinc  lofe: 
no  part  of  their  fubftance  during  the 
ordinary  procefs  of  calcination ; the 
blue  flame  which  is  vifible  in- the  fur- 
nace where  the.  calamine  is  calcined, 
and  the  injury  which  the  calamine 
fuftains  from  being  calcined  with  loo- 
ftrong  a fire,  are  proofs  to  the  con-, 
trary.  It  would  be-pofiible  to  ufe 
calamine  for  the  purpofe  of  making 
brafs  without  calcining  it,  for  the 

fixed 

• Metallur. 
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’fixed  air  would  be  -diffipated  by  the 
heat  applied  in  making  the  brafs* 
But  as  in  ufing  a ton  of  uncalcincd 
calamine,  there  would  be  between  fix 
and  feven  hundred  weight  put  into 
the  bral's  pots,  which  would  be  of 
no  manner  of  ufe  in  the  operation,  it 
is  a wifer  method  to  get  rid  of  fo 
large  a quantity  of  unferviceable  mat- 
ter; efpecially  as  the  carriage  of  fix 
or  feven  hundred  weight  to  the  di- 
ilance  to  which  the  prepared  calamine 
is  fent  for  the  making  of  brafs,  would 
coil:  more  than  the  calcination  of  a 
ton  of  it  amounts  to. 

There  are  many  forts  of  blende  or 
black  jack,  which  differ  from  each 
other  not  only  in  their  external  ap- 
pearance, but  in  their  internal  confti- 
tution.  In  general  they  contain  zinc 
and  fulphur,  united  together  by  the 
B 2 inter- 
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intervention  of  iron,  or  of  calcareous 
earth ; and  they  muft  be  previoufly 
freed  from  their  fulphur  by  calcina- 
tion, before  they  can  be  applied  to 
the  making  of  brafs.  Some  forts  of 
blackjack  lofe  one  fourth, other  about 
one  fixth  of  their  weight  by  calcina- 
tion ; what  is  thus  difperfed  confifts 
principally  of  fulphur  with  a little 
water ; what  remains  confifts  of  a 
large  portion  of  zinc  earth,  mixed 
with  one  or  more  of  the  following 
fubftances,  viz.  iron,  lead,  copper, 
clay  and  flint.  Blackjack  is  found, 
in  North  Whales,  in  Cornwall^  and  in 
■Nerhy/hire  \ and  probably  it  may  be 
met  with  in  many  other  parts  of 
Great  Britain.  It  has  for  many  years 
been  ufed,  as  well  as  calamine,  for 
the  making  of  brafs  at  Briftol,  and, 
1 believe,  it  was  firft  ufed  there  un- 
der 
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der  a patent;  but  fo  little  was  this 
application  of  it  known  in  other  parts 
of  the  kingdom,  that  in  the  year  1777, 
they  begged  me  in  Derbyfhire  (where 
they  had  a little  before  that  time 
begun  to  fave  it)  not  to  divulge  the 
purpofe  to  which  it  might  be  applied. 

It  has  not  been  long  well  under- 
ftood,  that  either  calamine  or  black 
jack  contained  any  metallic  fubftance. 
Matthiolus^  Agricoluy  Cmeparius^  and 
other  expert  and  more  ancient  metal- 
lurgifts,  efteemed  calamine  to  be  a mi- 
neral, in  which  there  was  no  metallic 
fubftance  *.  Their  miftake  on  this 
fubjeffc  was  very  excufeable;  for  the 
metallic  fubftance  contained  in  cala- 
mine, being  of  a volatile  and  com- 
buftible  nature,  it  is  confumed  or  dif- 
fipated  by  the  ordinary  procelTes  in 

which 

• Canep.  de  Atram.  p.  12—21. 
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which  metals  are  extrafted  from  their 
ores.  Moft  ores  require  to  be  fluxed 
in  contaft  with  charcoal,  or  fome 
other  fubftance  containing  phlogifton, 
before  they  will  yield  their  metals-, 
and  when  they  are  thus  fluxed,  the 
metal,  inftead  of  being  difperl'ed  in- 
vapOLir,  is  collecled  into  a mafs  at 
the  bottom  of  the  vefiTel,  or  furnace, 
in  which  the  operation  is  performed. 
Calamine,  in  like  manner,  mufb  be 
united  to  phlogifton,  before  its  me- 
tallic part,  which  is  called  zinc,  will 
be  properly  formed;  but  as  foon  as  it 
is  formed,  it  flies  off  in  vapour,  and 
taking  fire  burns  with  a vivid  flame. 
This  phenom.enon  is  eafily  made  ap- 
parent, by  mixing  calamine  in  pow- 
der and  charcoal  duft  together,  and 
expofing  the  mixture  to  a melting 
•heat,  for  a flame  will  iffue  from  it 

- very 
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very  different  from  what  charcoal 
alone  would  yield;  no  mafs  of  any 
metallic  fubftance  Will  be  found  at 
the  bottom  of  the  veflel ; but  in  the 
place  where' the  experiment  is  made, 
there  will  be  feen  many  white  flocks 
floating  in  the  air;  thefe  flocks  are 
the  alhes  of  the  metallic  fubftance  of 
the  calamine,  they  are  called  flowers 
of  zincy  lana  philofophorum,  nihil  al- 
bum, and  by  other  fanciful  names. 
The  metallic  vapour  which  rifes 
from  a mixture  of  calamine  and  char- 
coal, when  expofed  to  a proper  de- 
gree of  heat,  and  the  firing  of  which 
caufes  the  flame  which  rhay  be  ob- 
ferved,  cannot  burn  without  air ; and 
it  was  on  this  principle  that  Marg- 
graf  proceeded,  when  he  extrafted 
zinc  from  calamine  by  diftillation  in 
clofe  vefiels  in  1 746.  ' He  put  8 
B 4 parts 
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parts  of  powdered  calamine,  and  i of 
powdered  charcoal,  well  mixed  to-^ 
gether,  into  an  earthen  retort;  and 
having  fitted  a receiver,  with  a little 
water  in  it,  to  the  neck  of  the  retort,, 
in  fuch  a manner  as  to  exclude  the 
air,  he  expofed  the  mixture  to  a ftrong 
heat ; there  rofe  into  the  neck  of  the 
retort,  where  it  was  condenfeci,  the 
metallic  vapour  of  the  calamine.  By. 
this  method  he  afcertained  the  quan- 
tity, of  zinc  contained  in  different 
forts  of  calamine. 

Parts,  Parts. 

Calamine  from  near  } r « ^ i r • 
Cracovv  i g""" 

from  England  i6  3 • 

——from  Brellaw  16  — 4I  — 

— from  Hungary  16  2-f 

——from  Holy-  1 r 

well  in  Flintlhire  \ * ' 

He  tried  fome  ftones  from  Aix~la~ 

Chapelky  which  had  been  given  him 

^ for 
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for  calamine,  in  the  fame  way,  but 
obtained  no  zinc  from  them,  and 
thence  he  concludes,  that  thev  were 
not  calamine  ftones  ; for  every  ftone, 
fays  he,  which  being  mixed  with 
charcoal,  and  expofed  in  clofe  veflels 
to  the  adlion  of  a violent  fire,,  does 
not  yield  zinc;  or  which  in  an  open 
fire  does  not  with  copper  and  char- 
coal produce  brals,  ought  not  to  be 
confidered  as  a calamine  ftone*:  Henc- 
kel  had  long  before  given  a fimilar 
definition  of  zinc,  when  he  obferved 
that  it  was  the  only  fubftance  in  na- 
ture which  had  the  quality  of  giving 
copper  a yellow  colour  -jr. 

Fott  wrote  a differtation  on  zinc  in 
1741,  in  which  he  enters  into  the 
hiftory  of  the  difcovery  of  this  femi- 

metal  % 

• Opuf.  de  Marg.  Vol.  I.  p.  94. 

Pyrito  French  Tranf.  p.  248, 
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metal;  Bergman  has  availed  himfclf 
of  all  that  Pott  knew  on  the  fiibjed,' 
and  has  added  feveral  things  of  his 
own;  I cannot  comprefs  the  matter 
into  a lefs  compafs  than  he  has  done.- 
“ The  femi-metal,  which  at  prefent 
is  called  zinc,  was  not  known  fo 
much  as  by  name  to  the  ancient 
Greeks  and  Arabians.  The  name 
which  it  bears  at  prefent  firft  occurs 
in  Theophraftus  Paracelfus  *,  but  no 
one  as  yet  has  been  able  to  difcover 
the  origin  of  this  appellation.  A.  Gi 
Agricola  calls  it  contrcfeyn-j*;  Boyle^ 
fpeltrum  J : by  .others  it  is  denomi^ 
nated  fpiauter,  and  Indian  tin  |]. 
Albertus  Magnus,  more  properly 

called 

* In  Operibus  pafSm. 

•f  De  Re  metallica. 
t Ponderab.  flammse. 

|j  Tsda  Trifida  Chymica.  , . 
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called  Bolftadt,  who  died  in  1280  % 
is  the  firft  who  makes  exp  refs  men- 
tion of  this  femi-metal.  He  calls  it 
golden  marcafite,  afferts  that  it  ap- 
proaches to  a metallic  nature,  and  re- 
lates that  it  is  inflammable.  -How- 
ever as  zinc  is  white,  the  name-  of 
golden  marcafite  is  not  very  proper  j 
it  would  therefore  appear  probable,  ' 
that  it  derives  that  name  from  the 
golden  colour  which  it  communicates 
to  copper,  had  not  Albertus  ex- 
prefsly  faid,  that  copper  united  with 
golden  marcafite  becomes  white-,  but 
he  has  probably  either  mifunderltood 
or  mifreprefented  what  he  had  heard, 
related  by  others.  It  may  alfo  hap- 
pen, that  zinc  was  formerly  thought 
to  contain  gold.  J.  Matthefius  -f-  in- 
1562,  mentioned  a white  and  a red 

zinc  5, 

* In  Libro  minerallum.  f Sarepta. 
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zinc-,  but  the  yellownefs  and  rednefs 
are  only  to  be  underftood  of  the  ores. 
Hollandus,  Bafil  Valentine,  Aldro- 
vandus,  Csefius,  Ctefalpinus,  Fallo- 
pius and  Schroeder,  obferve  a pro- 
found filence  on  that  head  *;  The 
eaftern  Indians  have  long  iince  been 
in  poiTeffion  of  the  method  of  ex  trad- 
ing pure  zinc  from  the  ore;  at  lead: 
in  the  courfe  of  the  laft  century  this 
metal  was  brought  from  thence  to 
Europe.  Jungius  mentions  the  im- 
portation of  zinc  from  India,  in 
1 647  -f ; a metal  of  this  kind,  under 
the  name  of  tutenag,  is  ftill  brought 
from  thence,  which  muft  be  carefully 
diftinguiilied  from  the  compound 
metal  of  that  name.  G.  E.  Van 
Lohneifs  tells  us,  in  1617,  that  a 

, long 


• Pott  on  Zinc, 
t De  Mineralibos. 
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long  time  before  zinc  had  been  col- 
leded  by  fufion  at  Goflar  *.  It  has 
been  long  ufual  to  Torm  orichalcum 
from  the  ores  of  zinc  by  the  addition 
of  copper ; but  it  does  not  yet  ap- 
pear at  what  time  this  art  was  in- 
vented. Pliny  makes  mention  of  the 
orichalcum,  as  alfo  of  three  fpecies  of 
Corinthian  vafes,  one  of.  which  is 
yeilow,  and  of  the  nature  of  gold  -f. 
Erafmus  Ebner,  of  Noremberg,  in 
the  year  1 550,  was  the  firft  who  ufed 
the  cadmia  of  Goflar  for  this  pur- 
pofe.  In  the  year  1721,  Henckel 
indeed  mentioned  that  zinc  might  be 
obtained  from  lapis  calaminaris  by 
means  of  phlogifton,  but  he  conceals 
.the  method  The  celebrated  An- 
ton. 

• Bericht  Von  Bergvercken.  . 

t Hift.  Nat.  XXX.  C.  II. 

J Pyritologia— Henckel’s  words  deferve 

to 
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ton.  Van  Swab,  in  1742,  extradled 
it  from  the  ores  by  diftillation,  at 
"Wefterwick  in  Dalecarlia  *.  It  was 
determined  to  found  a work  for  the 
purpofe  of  extradling  larger  quanti- 
ties of  this  femi-metal:  but  after- 
wards, for  various  reafons,  this  pro- 

jedt 

to  be  quoted,  I take  them  from  the  French 
tranllation  of  the  Pyritologia,  p.  295.  — Oa 
fait,  par  exemple,  avec  la  calamine  non-feu- 
lement  du  fer,  il  eft  vrai  en  petite  quantltej, 
mais  encore  une  tres-grande  quantite  de  zinc^ 
que  Ton  obtient  non-feulement  en  lui  pre- 
fentant  le  corps  avec  lequel  il  peut  s’  incor- 
porer,  c’  eft-a-dire  le  cuivre  qui  eft  fon  aiman, 
mais  encore  ce  demi-metal  fe  montre  {imple- 
ment par  r addition  d’  ime  matlere  grajfe  qui 
metalUfe-,  il  faut  feulement  pour  eviter  que 
ce  phenix  ne  fe  reduife  en  cendre,  em^hher 
qu  il  ne  fe  hrule,  et  obferver  le  terns  et  les  cir- 
’conftances. 

* Elogium  magni  hujus  Metallurgi  coram 
R.  Acad.  Stock,  recitatum. 
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jedl  was  laid  afide ; therefore  the  il- 
luftriotis  Marggraf,  not  knowing 
what  had  been  done  by  the  Swedifh 
mineralogifts,  in  the  year  1746,  pub- 
liflred  a method  of  performing  this 
operation,  which  he  had  difcovered 
hiinfelf*.  It  is  not  known  how 
zinc  is  extrafted  in  China.  A cer- 
tain Engiifhman,  who  fcveral  years 
ago  took  a voyage  to  that  country 
for  the  purpofe  of  learning  the  art, 
returned  fafely  home,  indeed,  and 
appears  to  have  been  fufEcientiy  in- 
ftrufted  in  the  fecret,’  but  he  care- 
fully concealed  it.  We*  find  after- 
wards that  a manufactory  had  been 
eftablilhed  at  Briftol,  where  zinc  is 
faid  to  be  obtained  by  diftillation  per 
defcenfum.  We  have  already  feen 
that  it  had  been  before  obtained  in 

Sweden 


Mem.  de  1’  Acad,  de  Berlin. 
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Sweden  by  diftillation  per  afeenfum, 
•which  afterwards  was  efFcded  in 
larger  quantity  by  Meff.  Cronftedt 
and  Riman,  two  very  celebrated  mine- 
ralogifts  and  metallurgifts,  . The  dif- 
ficulties occafioned  by  the  volatile 
and  combuftible  nature  of  this  metal 
for  a long  time  retarded  the  know- 
ledge of  the  ores  containing  it;  nor 
is  that  wonderful,  as  being  of  a me- 
tallic form,  it  has  even  to  our  times 
been  confidered  as  compofed  of  two 
or  three  ingredients.  Albertus  Mag- 
nus  thinks  iron  an  ingredient  ; Para- 
cel fus  called  it  a fpurious  fon  of 
copper  j Lemery  holds 'it  to  be  a 
fpecies  of  bifmuth ; Glauber,  and 
many  alchemifts,  confider  it.merely 
as  an  imniature  folar  fulphur;  Horn- 
berg,  as,  a mixture  of  tin  and' iron  ; 
Kunckel,  as  a coagulated  mercury ; 

Schluter,' 
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Schluter,  as  tin  made  brittle  by  ful? 
phur,  &c.— The  celebrated  Brandt,, 
in  1735,  fhewed  that  blende  contain- 
ed zinc*;  and  foon  after  D,  Swab 
adually  extrafled  it  from  the  Bolog-. 
nian  Rfeudogalena,  which  pofleffes. 
a nTetallic  fplendor.  The.  Baroa 
Punch,  in  1744,  determined  the  pre- 
fence  of  zinc  in  pfeudo-galena  from 
the  flame  and  the  flowers -f-;  and  in 
1 746,  Mr.  Marggraf  fet  the  matter 
out  of  doubt.” 

Bergrnan.in-this  hittcry  of  the  dib 
covery  of  the  method  of  extrading 
zinc  from  calamine,  wholly  omits  the 
mention  of  Dr.  I/aac  Lawfort ; of 
whom . Pott,  in  his  Eflay  on  Zinc, 
fpeaks  very  refpedfally,  acq^uainting 
us  that  he  really  obtained  fome 
grains  of  that  fern  i- metal' from  cala- 
mine; 

•Aa.  Upfal.  t Ad.  Stock... 

VOL.  IV.  C 
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tnine.  So  that  tixow^ '^Henckel  was 
the  Lawfon  was,  probably^  the 
Jecond  perfon  in  Europe  who  procured 
zinc  from  calamine whether  he  was 
the  Englidiman  who,  according  to 
Bergman,  went  to  China  to  difcover 
the  method  of  doing  it,  is  what  I 
have  not  been  able  to  learn  with'  cer- 
tainty., Our  Englilh  writers,  who 
have  touched  on ‘this  fubjedl,  fpeak 
in  high  terms  of  Lawfon,  I fuppofc 
from  their  iiperfonal  knowledge  of 
him,  for- they  do  not  refer  to  any 
written  account  Thus  Dr.  Pryce 

fays, 

- ^ 'P(5tt  gives  ns  feveral  ,4juotations  from 
a dilTertation  of  Dr.  Lawfon’s  De  Nihil, 
which  I have  never  met  with,  and  amongft 
others  the  following  one,  Quamvis  lapis  ca- 
iaminaris  nec  fublimatione,  nec  cum  fluxu 
jiigro  det  zincuni,  tamen  fimiles  fiores,  iimilis 
in  igne  color,  fimilis  tin£tura  cupri,  et  aug- 

-mexHiim 
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lays,  “*tlre  late  Dr,  I.  Lawfon  ob- 
ferving  that  the  flowers  of  lapis  cala- 
minaris  were  the  fame  as  thofe  of' 
zinc,  and  that  its  eflefts  on  copper 
were'  alfo  the  fame  with  that  fenii- 
metal,  never  remitted  his  endeavours 
till  he  found  the  method  of  fdparatirig 
pure  zinc  from  that  ore.”  And  Dr. 
Campbell,  in  his  Survey  of  Britain,'- 
is  ftill  more  particular:  “ + the  ere-; 
dit  if  not  the  value  of  calamine'  is. 
very  much  raifed,  fince  an  ingenious 
countryman  of  ours  difeovered  that 
dt  was  the  true  mine  of  zinc;  this 
countryman  was  Dr.  I.  Lawfon,  who 
died  before  he  had  made  any  advan- 
tage 

'inentum  ponderls  probabllifiimum  prirbent 
argumentum  lapidem  calaminarem  eiTe  mine- 
ram  zinci.  Pott  De  Zinco,  p.  9, 

-•  Mineral.  Cornub.  p.  46. 

t Polit.  Surv.  of  Brit.  VoL  II.  p.  35, 
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tage  of  his  difcovery.’.’  ^Tbe  authors 
of  the  f Supplement  to  Chambers’ 
Didlionary,  publilhed  in  1753,  6X7 
prefsJy  affirm,  .that  “ *Dr,  Lawfon 
was  the  firft  perfon  who  Ihewed.  that 
calamine  contained  zincj  we  have 
now  on  foot  at  home  a work  efta- 

■ri.  ■ ■■  - ■ 

bliffied  by  the  difcoverer  of  this^ore, 
which  will  probably  make  it  very 
unneceflary  to  bring  any  zinc  into 
England,”' — ^To  all  this  I Ihall  only 
add  one  teftimony  more,  from  which 
it  may  appear  that  the  Englifh  knew 
how  to  extradt  zinc  from  calamine, 
before  Mr.  Van  Swab  taught  the 
Swedes  the  method  of  doing  it ; 
though  this  gentleman,  unlefs  I have 
been  mifinformed,  inftrufted  the  late 
Mr.  Champion  of  Briftol,  either  in  the 
ufe  of  black  jack  for  the  fame  pur- 

pofe 

♦ Artie.  Calam.  & Zinc. 
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poife  -as  calamine,  or  tauwHt’hirri  Tome 

O'’  - . < 

improvements  in  the  tnetHbd  df  o’d- 
tainino;  zinc'  from  its  ’ ofe'#T'  '’The 
tefti’mohy  occurs  in  a df&ftatidii'bf 
HenckeVsbifzitic,  pubfifhed’ih”i737, 
he  is  fTiere  fpeaking  of  the  great 
hopes  which  Tome  perfon^  had  en- 
tertained of  the  poftibliity'  of  ob- 
taining zinc  from  'calamine"]  hopes, 
he  favs,  which  had  been ''realiZeci  m' 

. ■ -.1  ■ [:  . ■ y-] 

England,  Ce'  qu’un  Anglois  ' arrive 
dcpuis  peu  de  Briftol,  dit  av^oir' vii' 
feuffir  dans  fon  pays  *.  ' ■ ' ■* 

The  manufaftory,  however,  of  zinc 
was  not  eftablilhed  at  Briftol  till  about- 
the  year  1743,  when  Mr.  Champion 

ob'. 


• This  obfervation  was  firfl  publifhed,  ft 
the  4th  -vol.  of  the  Afta  Phyfico-Medica 
Acad.  Nat.  Cur.  1737,  but  I have  made  the 
quotation  from  the  Ed.  of  Henckel’s  Works, 
publilhed  at  Paris,  1760,  Vol.  II.  p. 

c 3 
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obtained  a patent  for  the  making  of 
it.  About  200  tons  of  zinc  are  an- 
nually made  at  the  place  where  the 
manufaflory  was  firft  fet  up;  and 
about  feven  years  ago,  zinc  began  to 
be  made  at*  Henham  near  Briftol,  by 
James  Emerjon,  who  had  been  many 
years  manager  of  that  branch  under 
Mr.  Champion,  and  his  fucceffor  in. 
the  bulinefs. 

Near  twenty  years  ago  I faw  the  ope- 
ration of  procuringzincfrom  calamine 
performed  at  Mr.  Champion’s  copper 
works  near  Briftol ; it  was  then  a 
great  fecret,  and  though  it  be  now 
better  known,  yet  I am  not  certain 
whether  there  are  any  works  of  the 
kind  yet  eftablilhed  in  any  other  part, 
of  either  England  or  Europe,  except 
that  before  mentioned  at  Henham.  In 
a circular  kind  of  oven,  like  a glafs 

houfe 
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Koufe  furnace,  there  were  placed  fix 
pots  of  about  four  feet  eaeli  in  height, 
much  refembling  large  ojji  jars  in 
ihape^  into  the  bottom  of  each  pot 
was  inferted  an  iron  tube,  which 
pafled  through  the  floor  of  the  fur- 
nace into  a velTel  of  water.  ^ The 
pots  were  filled  with  a mixture  of 
calamine  and  charcoal,  and  the 
mouth  of  each  was  then  ^clpfe  ftpp-  ' 
ped  with  clay.  The  fire  being 
properly  applied,  the  metallic  vapoy.r 
of  the  calamine  ilTued  through  the 
iron  tube,  there  being  no  other  place 
through  which  it  coyld.  efcape,  and 
the  air  being  excluded,  k did  not 
take  fire,  but  was  condenfed  in  fmall 
particles  in  the  water,  and  being  re. 
melted  was  formed  into  ingots,  and 
fent  to  Birmingham  under  the  name 
G 4 , of 
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o'f  zinc  or  fpelter  *.  The  reader  witi 
underftand  ^ 'that  this  zinc  Vill  be 

I. 

more  or  lefs  pure,  ■^according  as  the 
calamine  is -free  from  or  mixed  with 
iron,  lead,' copper,  dr  other  metallic 
fubftances.  ' At  Gojlar  Germany 
they  fmelt  an  ore  which  contains  lead, 
and  filver,'  and  copper,  and  iron,  and 
zinc  in*  the  fame  mafs ; ■ the  ore  is 
fmelted  for  the  purpofe  of  procuring 
the  lead  and  filver,  and  by*a  particu- 
lar contrivance  in  the  furnace,  which' 
is  well  dcfcribed : bjt Cramer  -f,  they 
obtain  af»orcion  of  zinc  i mfubftance  j 
•another -portion  of  it  is  inflamed,  and 
■ . ' ' ■ -the- 

/-♦  There  is  another  fubllance  which  is  de- 
fiominated'  fpelter  or  fpelter  folder  by  the 
braziers,  it  is  cdnrpdfed  of  two  parts  of  zinc 
i&nd  of  one  ofibrafs.  ' * f . ^ - 

4 Ars  Docim»  Vot  L p.  2360 
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^he  aflies  of  the  zinc  which  is  thus 
‘Confumed,  and  which  it  has  been  ob- 
ferved  before  are  called  philofophic 
wool.  See.  ftick  to  the  top  and  fides 
■6f  the  furnace,  and  are  dcnoininated 
by  the  fntelters  fornamm^  or 

furnace  fragment:  thefe  afhes  are  ufed 

• a§  -ealamine  is  for  the  making  of 
brafs.  We  ' know  nothing  of  the 
method  of  fluxing  the  zinc  which  is 
brought  from  India.  According  to 
MulTchenbroek,  a cubic  foot  of  In- 
dian zinc  weighs  7240  ounces  ; the 
fame  bulk  of  Goflar  zinc,  taking  the 
medium  of  three  fpecimens,  gave 
7210  ounces  f;  the  Goflar  zinc, 
which  I examined,  gave  only  6953 

• ounces  to  a cubic  foot;  a cubic  foot 
of  Englilh  zinc,  from  Briftol,  weighs 
7028,  and  hence  if  the  lightnefs  of 

: ' zme 

Intfod,  ad  Phil.  Nat.  Vol.  II. 
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2>inc  be  a criterion  of  its  purity*,  our 
Englifh  zinc  is  preferable  to  the  In- 
dian and  nearly  equal  to  the  German 
zinc. 

If  the  reader  has  never  feen  a piece 
of  zinc,  it  will  give  him  fomeideaof 
it  to  be  told,  that  in  colour  it  is  not 
unlike  lead  that  it  is  hard,  and  fo- 
norous,  and  malleable  in. a fmall  de- 
gree; that  it  does  not  melt  fo  eafily 
as  either  tin  or  lead,  but  rrkore  eafily 
than  filver  or  copper-,  that  in  a de- 
gree of  heat  juft  fufficient  to  melt  it,, 
k burns  away  into  a kind  of  gray 
allies  without  being  inflamed ; that 
in  a ftronger  heat  it  burns  with  a 
yellowifh  blue  or  green  flame,  refolv- 
ing  itfelf  into  a white  earth,  which  is 
either  driven  off  by  the  violence  of 
the  fire  durina  the  combuftion,  or 
remains  furrounding  the  burning 

zinc 
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2-inc  like  a piece  of  cotton’  wooll 
This  combuftion  of  zinc  is  as  ftrikino* 

O 

an  experiment  as  any  in  chemiftry,. 
and  it  is  in  the  power  of  any  per- 
fon  to  make  it,  by  fprinkling  ftlings 
of  zinc'  on  a pan  of  burning  char- 
coai,,  or  on  a poker  or  other  piece  of 
iron  heated  to  a white  heat:  it  is  this 
property  which  renders  fine  filings  of 
zinc  of  great  ufe  in  fire-works.  Zinc 
is  a very  fingular  metallic  fubftance, 
it  not  only  burns  when  fufficiently 
heated  with  a vivid  flame,  but  it 
yields  an  inflammable  air  by  folution 
in  the  acids  of  vitriol  and;  of  fea  falts, 
and  even  in  Tome  of  its  ores  it  mani- 
fells  a phofphoric  quality ; I have 
feen  a piece  of  black  jack  from  Frei- 
berg, which  being  fcratched  in  the 
dark  with  the  nail  of  a finger  emitted 
a ftrong  white  light.  The  Chinefe 

zinc 


2inc  is  faid  to*  eontain  about  half  a 
pound  of  l'6ad  tn  an  hundred,  and  the 
German  zinc" fomewhat  more*,  and 
our  Englifb  zinc  is  thought  by  fome 
to  make*  the  copper  with  wiiich  it  is 
Rielted ''harlher  ■ and  lefs  malleable, 
than  when  either  of  the  other  forts  of 
zinc  is^ufed ; though  this  opinion  I- 
lufpeft  is  rather  founded  in  prejudice 
thah-in  truth.  There  is  an  eafy  me- 
thod, when  pure  zinc  is  required,  of 
obtaining-  it:  nothing  more  is  fequi- 
Hite  than  to  melt  it  with  fulphur  and 
fome  fat  fubftance  to  prevefit  its  cald- 
nation,  for  the  fulphur  will  unite  itfdf 
to  the  lead,  - the  copper,  or  the  iron* 
contained  in  the  zinc,  and  reduce  them 
to  a -kind:  ofofCoria  which  may  be 
feparated  fronl  the  melted  zinc,  biit 


’*  Berg,  Eir.  Vol.  fl,  p.  j iS,  note^ 
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it  has  no  a<5tion  on  the  zinc  itfelf^i 

■ ->t  . . . • -■ 

The  zinc -.made  by  Mr.  Tmerfon  is 
jyhiter  and  brighter  than  any  other 
either  Englifh  or  foreign  zinc,  but  I 
do  not  know,  that  it  owes  thefe  quali- 
ties to  its  being  purified  by  fulphur. 
Zinc  and  copper,  when  meked  to- 
gether p different  proportions,  ron- 
ftitute  what  are  called  pinchbecks* 
&c.  of  different  yellow  colours. 
Marggraf- melted  pure  zinc  and  pure 
copper  together,  in  a great  variety  of 
proportions,  and  be  fodnd  that  ele- 
ven, or  even  tvsielve  parts  of  copper 
being,mixed  vwith  one  part  of  zinc, 
(by  putting  the  zinc  into  the  copper 
- / ; when 

. • Lam  aware  that  Mr.  Morveau  has  found 
out  a method  of  combining  zinc  with,  fuU 
phur ; but  in  this  general  view,  I purpofely 
pafs  over  many  things  which  are  defervedly 
efteemed  of  great  importance  by  perfons 
deeply  Ikilled  in  ehemiftry. 


( 45  ) 

^v1ien  melted)  gave  a . moft  beautiful 
and  very  malleable  tombac  or  pinch- 
beck j*  Mr.  Baume  gives  the  fol- 
lowing procefs  for  making  a metal, 
which  he  fays  is  called'Or  de Manheim^ 
and  which  is  uled  for  imitating  gold 
in  a variety  of  toys,  and  alfo  on  lace, 
— Melt  an  ounce  and  an  half  of  cop- 
per, add  to  it  three  drams  of  ^inCj 
cover  inftantly  the  mixture  with  char- 
coal dull;  to  prevent  the  calcination 
of  the  zinc*i  this  covering  of  the 
melted  mafs  with  charcoal  is  certainly 
fervieeable  in  the  way  the  author 
mentions and  it  is  on  a fimilaf  prin- 
ciple, that  when  they  melt  fteel  at 
Sheffield  they  keep  the  furface  of  it 
covered  with  charcoal  j but  I think 
it  probable  alfo,  that  the  charcoal 
contributes  to  exalt  the  golden  co- 
lour 

f Mem.  of  Berlin,  1774. 

• Chy.  par  M.  Baume,  Vol.  II.  p.  662. 


t 47  ) 

lour  of  the  pinchbeck.  Thefe  yel- 
low metals  are  feldom  fo  malleable  as 
brafs,  on  account  of  the  zinc  which 
is  ufed  in  making  them  'not  being 
in  fo  pure  a ftate,  as  that  is  which 
is  combined  with  copper  wfien  brafs 
is  made  *,  yet  it  appears  from  the  ex- 
periments of  Marggraf  and  Baume 
before  mentioned,  that  when  pure 
zinc  and  pure  copper  are  ufed  in 
proper  proportions,  very  malleable 
brafs  may  be  made  thereby,  'Mr* 
Emerfon  has  a patent  for  making 
brafs  with  zinc  and  copper,  as  I have 
been  informed,  and  his  brafs  is  faid  to 
be  more  malleable,  more  beautiful, 
and  of  a colour  more  refembling  gold 
than  ordinary  brafs  is.  It  is  quite 
free  from  knots  or  hard  places,  arif- 
ing  from  iron,  to  which  other  brafs 
-'is  fubjeft,  and  this  quality,  as  it  re- 

fpefts 
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fpe^ls  the  magnetic  needle,  renders  It 
of  great  importance  in  makingxom- 
pafles:  the  method  of  making  ordi* 
nary  brafs  1 will  now  deferibe. 

Copper  in  thin  plates,  or^. which  is 
better,  copper  reduced  (by  being 
poured,  when  melted,  into  water)  in- 
to grains  of  the  fize  of  large  Ihot  is 
mixed  with  calamine  and  charcoal, 
both  in  powder,  and  expofed  in  a 
melting  pot  for  feveral  hours  to  a fire 
not  quite  ftrong  enough  to  melt  the 
copper,  but  fufRcient  for  uniting  the 
metallic  earth  of  the  c-akmine  to  the 
phlogiflon  of  the  coalj  this  union 
forms  a metallic  fubftance,  which 
penetrates  the  copper  contiguous  to 
it,  changing  its  colour  from  red  to 
yellow,  and  augmenting  its  weight  in 
a great  proportion.  The  greater  the 
furface  of  a definite  weight  of  copper, 

the 
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the  more  fpace  has  the  metallic  va^ 
pour  of  the  calamine  to  attach  itfelf 
to,  and  this  is  the  reafon  that  the 
copper  is  granulated,  and  that  it  is 
kept  from  melting  and  running  into 
a mafs  at  the  bottom  of  the  veflel, 
till  near  the -end  of  the  operation, 
when  the  heat  is  increafed  for  that 
purpofe. 

The  German  brafs-makers,  in  the 
time  of  Erckern,  ufed  to  mix  64 
pounds  of  fmall  pieces  of  copper  with 
46  pounds  of  calamine  and  charcoal^ 
and  from  this  mixture  they  generally 
obtained  90  pounds  of  brafs  *=.  Cra- 
mer recommends  3 parts  of  powdered 
calamine  to  be  mixed  with  an  equal 
weight  of  .charcoal  dull:  and  2 parts 
of  copper,  and  fays,  that  the  brafs 

'■:i''Ob- 

• Fleta  Minor,  by  Sir  J.  Pettus,  p.  286, 
Newman  gives  the  fame  proportions,  p.  65. 
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obtained  by  the  procefs  exceeds  the 
weight  of  t.io  copper  by  a fourth,  or 
even  a third  part  of  its  weight  *.  At 
molt  of  our  Englifh  brafs-wdrks  they 
ufe  45  pounds  of  copper  to  6o 
pounds  of  calamine  for  making  ingot 
brafs,  and  they  feldom  obtain  iefs 
than  6o  or  more  than  70  pounds  of 
brafs ; at  Ploly well  they  reckon  the 
medium  produ{5t  to  be  68 : and 
hence  a ton  of  copper,  by  this  ope- 
ration, becomes  rather  more  than  a 
ton  and  an  half  of  brafs.  This  is  a 
larger  increafe  of  weight  in  the  cop- 
per, than  is  obferved  in  any  of  the 
foreign  manufadtories  that  I have 
ever  read  of,  and  it  may  be  attribut- 
ed to  two  caufes,  to  the  fuperior  ex- 
cellence of  our  calamine,  and  to  our 
uling  granulated  copper.  Poftle- 

thwayte, 

• Cram.  Ars  Doc.  Vol.  II.  p.  246. 
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thwayte,  in  his  Commercial  Didio- 
nary,  attributes  the  difference  in  the 
increafe  of  weight  acquired  by  the 
brafs  to  the  different  natures  of  the 
coppers  which  are  ufed,  “ there  is 
an  increafe  of  48  or  50  pounds  in  an 
hundred,  if  copper  of  Hungary  or 
Sweden  be  ufed;  that  of  Norway  yields 
but  38,  and  that  of  Italy  but  20.” 
When  they  make  brafs  which  is  to 
be  caft  into  plates,  from  which  pans 
and  kettles  are  to  be  made,  and  wire 
is  to  be  drawn,  they  ufe  calamine  of 
the  finefb  fort,  and  in  a greater  pro- 
portion than  when  common  brafs  is 
made,  generally  56  pounds  of  cala- 
mine to  34  of  copper.  Old  brafs 
which  has  been  frequently  expofed 
to  the  adion  of  fire,  when  mixed  with 
the  copper  and  calamine  in  the  mak- 
ing of  brafs,  renders  the  brafs  far 
D 2 more 
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more  duftile  and  fitter  for  the  mak« 
ing  of  fine  wire  than  it  would  be 
without  it;  but  the  German  brafs, 
particularly  that  made  at  Nuremberg, 
is,  when  drawn  into  wire,  faid  to  be 
preferable  to  any  made  in  England 
for  mufical  inftruments.  If  this  pre- 
ference be  real,  it  will  ceafe  to  exift 
as  foon  as  any  ingenious  man  lhall 
undertake  to  examine  the  fubjefb,  for 
our  materials  for  making  brafs  are  as 
good  as  any  in  the  world.  The  quan- 
tity of  charcoal  which  is  ufed,.  is  not 
the  fame  at  all  v/orks,  it  is  generally 
about  a fourth  part  of  the  weight  of 
the  calamine ; an  excefs  of  charcoal 
can  be  attended  with  ho  other  incon- 
venience than  that  of  ufelefsly  filling 
up  the  pots  in  which  the  brafs  is 
made  ; but  powdered  pitcoal,  which 
is  ufed  at  fome  works  in  conjundion 

with. 
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with,  or  in  the  place  of  charcoal,  great- 
ly injures  the  malleability  of  the  brafs. 
As  to  black  jack,  the  other  ore  of 
zinc,  it  is  not  fo  commonly  ufed  as 
calamine  for  the  making  of  brafs. 
The  manufafturers  have  been  fome- 
what  capricious  in  their  fentiments 
concerning  it,  fome  have  preferred  it 
to  calamine,  and  others  have  wholly 
negledled  it ; and  the  fame  perfons  at 
different  times  have  made  great  ufe 
of  it,  or  intirely  laid  it  afide.  There 
muff:  have  been  fome  uncertainty  in 
the  produce  or  goodnefs  of  brafs  made 
by  this  mineral, . to  have  occafioned 
fuch  different  opinions  concerning  it, 
and  this  uncertainty  may  have  pro- 
ceeded either  from  the  variable  qua- 
lities of  the  mineral  itfelf,  or  from 
the  unlkilfulnefs  of  the  operators  in 
calcining,  &c.  a mineral  to  which 
D 3 they 
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they  had  not  been  much  accuftomed^ 
Several  fhip  loads  of  it  were  fent  a 
few  years  ago  from  Cornwall  to  Brif- 
tol,  at  the  price  of  40  (hillings  down 
to  a moidore  a ton  Upon  the 
whole,  however,  experience  has  not 
brought  it  into  reputation  at  BriftoL 
For  many  purpofes  brafs  is  more 
ufeful  than  copper:  it  is  lighter, 
harder,  more  fonorous,  more  fufible, 
lefs  liable  to  fcale  in  the  fire,  and  to 
ruft  in  the  air.  It  is  not  malleable 
when  hot,  and  in  this  refpedt  it  is  in- 
ferior to  copper-,  but  when  cold  it 
rnay  be  beat  out  into  thin  leaves,  as 
may  be  feen  in  the  brafs  leaf  which 
emulates  in  colour  and  thinnefs  gold 
leaf.  If  a brafs  leaf  be  held  in  the 
flame  of  a candle,  the  metallic  part 
of  the  calamine  will  be  inflamed,  and 

the 

* Miner.  Cornu,  p.  47. 
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the  brafs  will  be  changed  into  cop- 
per, This  change  of  brafs  into  cop- 
per will  take  place  in  the  largeft 
maffes,  as  well  as  in  thin  leaves  of  if, 
if  the  brafs  be  kept  a fufficient  time 
in  a ftate  of  fufion.  The  varieties 
in  the  colour,  malleability,  and  duc- 
tility of  brafs,  proceed  from  the 
quantity  and  quality  of  the  calamine 
imbibed  by  the  copper;  and  the  qua- 
lity of  the  copper  itfelf  is  a circum- 
ftance  of  no  fmall  importance  in  the 
making  of  brafs.  “ I have  obferved, 
fays  Dr,  Lewis  *,  in  a large  fet  of  ex- 
periments on  this  fubjedt,  that  a lit- 
tle of  the  calamine  (that  is,  of  the 
zinc  contained  in  the  calamine)  di- 
lutes the  colour of  the  copper  and  ren- 
ders it  pale;  that  when  the  copper  has 
imbibed  about  one  twelfth  of  its  own 

weight, 

* Newman’s  Chem.  by  Lewis,  notes,  p.65,, 
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weight,  the  colour  inclines  to  yellowy 
that  the  yellownefs  increafes  more 
and  more  till  the  proportion  comes 
almoft  to  one  half;  that  on  further 
augmenting  the  calamine,  the  brafs 
becomes  paler  and  paler,  and  at  lafl; 
white.”  As  to  the  different  quali- 
ties of  different  kinds  of  copper,  they 
are  fufiiciently  known  to  workmea 
employed  in  fabricating  it ; and  phi- 
lofophers  have  fo  far  obferved  them 
as  to  diftinguifli  the  different  forts  of 
copper  by  the  different  weights  which 
appertain  to  equal  bulks  of  them. 
The  lighteft.copper  which  Muffchen- 
broek  has  noticed,  is  that  which  is 
precipitated  from  the  copper  waters 
in  Hungary-,  a cubic  foot  of  this  fore 
weighed,  when  melted,  7242  ounces;.. 
and  the  heavieft  fort  he  mentions  is 
the  Japan  copper,  a cubic  foot  of  it,. 

when-. 
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wlien  fimply  melted,  weighing  872S 
ounces.  The  difference  of  the  weights 
of  equal  bulks  of  thefe  two  forts  of 
copper  is  very  confiderable;  but  yet 
it  is  much  lefs  than  what  may  be  ob- 
ferved  between  two  fpecimens  of  the 
fame  fort  of  copper,  one  of  which 
has  been  cajl,  and  the  other  has  been 
wrought:  the  fame  Hungarian  cop- 
per, which,  when  barely  melted, 
weighed  7242  ounces  to  the  cubic 
foot,  when  it  had  been  condenfed  by 
being  long  hammered,  weighed  9020; 
Many  of  our  Englifh  writers  eftimate 
the  weight  of  a cubic  foot  of  copper 
at  9000  ounces  *,  but  they  do  not  fay, 
whether  the  copper  was  melted  mere- 
ly, or  hammered;  nor  from  what 
mine  it  was  procured.  I found  the 
weight  of  a cubic  foot  of  plate- brafs 

fron^. 

. f Cotes,  Fergufbn,  Marrin,  Campbell. 
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from  Briftol  to  be  8441  ounces ; and 
that  of  a cubic  foot  of  old  brafs  from 
the  bottom  of  an  old  kettle  to  be 
8819,  which  fhews  that  it  approach- 
ed to  the  weight  of  copper,  and  in- 
deed from  the  rednefs  of  its  appear- 
ance it  feemed  as  if  all  the  zinc  had 
been  burned  away.  1 had  a prefent 
made  me  of  a fine  celt,  (the  antiqua- 
ries are  not  agreed  concerning  the 
ufes  to  which  the  celts  were  applied, 
nor  whether  they  are  to  be  efteemed 
Britifli  or  Roman  inftruments)  it  was 
covered  over  with  a thick  patina-,  I 
heated  it  in  the  fire,  in  order  to  get 
rid  of  this  precious  patina,  or  green 
ruft,  and  took  the  fpecific  gravity  of 
it  when  quite  freed  from  its  ruft  with 
great  care;  a cubic  foot  of  it  would 
have  weighed  only  6290  ounces.  It 
was  not  malleable  either  when  hot  or 

cold :: 
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cold  : I then  melted  it,  when  in  a 
ftate  of  fulion  it  emitted  a blue  flame,- 
and  a thick  white  fmoke,  which  are 
efteemed  certain  marks  of  zinc;  I 
melted  it  a fecond  time,  but  there 
was  no  appearance  of  either  flame  or 
fmoke,  the  zinc  having  been  all  con- 
fumed  ; I could  not  obferve  any  lead 
in  it ; a cubic  foot  of  it,  after  it  was 
gently  cooled  from  its  ftate  of  fufion, 
weighed  8490  ounces,  and  it  was  now 
malleable  as  cold  brafs  always  is ; 
it  was  compofed,  I think,  of  copper, 
calamine,  and  tin;  and  1 have  heard 
that  fome  celts  contain  a little  filver. 
The  change  of  texture  which  it  had 
undergone,  by  being  long  buried  in 
the  earth,  occafioned  its  comparative 
levity ; this  diminution  of  weight, 
which  decaying  brafs  fuftains,  is  not 
peculiar  to  brafs,  it  probably  belongs 


to  iron,  and  other  metallic  fubftances: 
fubjedt  to  decay,  and  it  certainly  be- 
longs to  many  fpecies  of  ftones.  I 
have  in  another  place  obferved,  that 
a cubic  foot  of  toadftone  has  different 
weights,  according  as  the  ftone  is 
more  or  lefs  decayed;  that  which  is 
moft  decayed  being  the  lightefl:..  We 
have  a ftratum  of  bluifh  gray  rag- 
jlone  in  Weftmoreland,  which  lies  under 
the  limeftone;  large' cobbles  of  this 
fort  of  ftone,  which  are  expofed  to  the 
air,  are  decayed  to  a certain  depth 
from  the  furface,  whilft  the  inward, 
part  feems  intire ; a cubic  foot  of  the 
outward  part  of  one  of  thefe  ftones 
weighed  2378,  when  the  inward  part 
of  the  fame  ftone  weighed  2603 
ounces  to  the  cubic  foot.  This  rag- 
ftone  is  very  hard,  but  the  fame  phe- 
nomenon may  be  noticed  in  a ftone 


( 6i  ) 

{till  harder.  The  Camlridgejhire  black 
flint  weighs  2592  ounces  to  the  cubic 
foot ; the  fame  flint  being  in  part 
decayed  and  become  externally  white, 
though  black  within,  weighed  2414, 
and  when  become  wholly  white,  2400  - 
ounces  to  the  cubic  foot : the  gene- 
ral reafon  of  this  feems  to  be,  that 
the  pores  of  the  decayed  body  are 
augmented.  Mr.  Kirwan  has  well 
explained  the  manner  in  which  na- 
ture operates  in  decompofing  ftones. 

“ Flints,  jafpers,  petro-filex,  felt- 
fpar,  granites,  lavas  and  ferrugineous 
ftones,  have  frequently  been  faid  to 
be  decompofed  by  the  air,  and  the 
obfervations  of  Mr.  Greville  and  Sir 
W.  Hamilton  have  removed  every 
doubt  I entertained  on  this  head. 
"With  regard  to  furrugineous  ftones, 
in  which  the  calx  of  iron  is  not  much 
“ de- 
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dephlogiflicated,  this  decompoficion 
is  eafily  underftood,  for  this  calx 
gradually  becomes  more  dephlogi- 
Hicated  by  the  action  of  water  and 
air,  attracts  water  and  fixed  air,  and 
lofes  its  adherence  with  the  filiceous, 
or  other  ftony  particles : this  is  feen 
to  happen  to  bafaltes,  toadftone,  fer- 
rugineous  limeftone,  &c.  In  other 
ftones  this  decompofition  may  arife 
from  their  containing  calcareous  earth 
in  a cauftic  (late,  or  manganefe,  for 
thefe  will  gradually  attraft  water  and 
fixed  air,  and  then  fwell,  burft  and 
loofen  the  whole  texture  of  the  ftone, 
as  we  fee  happen  to  bricks  that  con- 
tain lime.  Thus  alfo  glafs  is  decom- 
pofed  by  long  expofure  to  the  a:ir, 
the  alkali  attrafting  water  and  aerial 
acid.  Mortar  on  the  contrary  har- 
dens by  long  expofure  to  the  air,  be- 

caufe. 
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caufe,  though  the  aerial  acid  be  at- 
trafled,  yet  a great  part  of  the  water 
exhales  The  changes  produced 
by  the  long  expofure  of  bodies  to  the 
air,  and  the  caufes  of  them,  deferve  a 
more  minute  inveftigation  than  has 
hitherto  been  beftovved  on  them ; 
fome  advantage  might,  perhaps,  be 
derived  from  the  inquiry  to  our'ma- 
nufadlurers,  for  I have  caufe  to  think 
that  iron,  which  has  been  expofed  to 
the  air  for  three  or  four  years,  is  a 
very  diiTerent  fubftance  from  the  fame 
iron  when  juft  made;  and  the  fame 
obfervation  will  probably  hold  with 
refpedt  to  copper  and  brafs. — But  to 
return  from  this  digreffion. 

The  calamine  of  Bohemia  contains 
iron ; moft  of  our  Englifti  calamine 
contains  lead ; and  there  are  fome 

forts 

f Elements  of  Min.  by  R.  Kirwan,  p.  i H. 
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forts  which  contain  both  iron  and 
lead,  and'  other  metals  in  different 
proportions : thefe  forts  can  feldom 
be  freed  from  the  extraneous  metals, 
and  hence,  in  the  ordinary  method  of 
making  brafs,  they  will  be  mixed 
with  it,  being  fufible  in  the  degree 
of  heat  ufually  employed  in  making 
brafs.  Cramer  mentions  a very  in- 
genious method  of  making  brafs,  by 
which,  if  it  lliould  be  thought  necef- 
fary  to  do  it,  thcibrafs  may  be  pre- 
ferved  pure  from  thefe  heterogeneous 
mixtures.  He  orders  the  calamine 
and  -charcoal  to  be  mixed  with  moif- 
tened  clay,  and  rammed  to  the  bot- 
tom of  the  melting  pot,  and  the  cop- 
,per  mixed  with  charcoal  to  be  placed 
upon  the  clay ; then,  the  proper  de- 
gree of  heat'  being  applied,  the  va- 
pour of  the  zinc  contained  in  the  ca- 
lamine 
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■ilamine  will  afcend  through  the  clay, 
and  attach  itfelf  to  the  copper,  but 
the  iron,  or  lead  contained  in  the  ca- 
lamine, not  being  volatile,  will  re- 
main in  the  clay,  and  the  brafs  wl^en 
the  whole  is  melted  will  not  be  mix- 
ed with  them,  but  rell  pure  on  the 
lurfacc  of  the  clay.  Mr.  Jchn  Cham- 
pion^ brother  to  him  who  firfi;  efta- 
blifhed  the  manufadtory  of  zinc  at 
Briftol,  is  a very  ingenious  metal-- 
lurgifl:,  and  he  has  lately  obtained  a 
patent  for  making  brals  by  coml)inino 
zinc  in  vapour  with  heated  copper 
.plates,  and  the  brafs  is  liiid  to  be 
very  fine.;  whether  the  procefs  he 
-ui'es  has  any  correfpondence  witii  this, 
■mentioned  by  Cramer,  or  not,  his 
brafs-  will  certainly  be  free  from  the 
mixture  of  lead,  &c.  Bur  the  care 
to  purify  brafs  from  fuch  rrietaHic 
VOL,  i-v.  E mix- 
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'^mixtures  as  may  be  accidentally  con- 
tained in  the  calamine,  is,  or  is  not 
neceffary,  according  to  the  purpofes 
to  which  brafs  is  applied.  Theie 
mixtures  may  probably  injure  the' 
malleability  of  the  brafs,  but  they 
may  at  the  fame  time  increafe  its 
hardnefs,  or  render  it  fufceptible  of  a 
better  polifh,  or  give  it  a particularity 
of  colour,  or  fome  ocher  quality  by 
which  it  may  be  more  ufeful  in  cer- 
tain manufadlories,  than  if  it  was 
quite  free  from  them,  and  confifted 
of  nothing  but  of  the  pureft  metallic 
part  of  the  calamine,  united  to  the 
pureft  copper.  This  may  be  illuf- 
trated  from  what  is  obfervable  in 
other  metals.  The  red  iron  ore  from 
Furnejs  in  Lancajhire  produces  an 
iron,  which  is  as  tough  as  Spam/k 
iron,  it  makes  very  fine  wire-,  but. 

when 
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when  c^)ilverced  into  bars,  it  is  not 
elleetned  fo  good  as  that  which  is 
made  in  the  foreft  of  Dean,  and  other 
■places.  There  are  but  few  forts  of 
iron  which,  though  uleful  In  other 
reipecls,  are  fit  for  being  converted 
into  fieel:  fome  forts  of  iron  will  ad- 
mit an  high  polifla,  as  may  be  feen 
in  many  expenfive  grates  which  are 
fold  as  grates  of  poliined  fteeJ,  though 
they  are  nothing  but  iron,  whilfi 
others  take  but  a very  indilferent 
poliili ; the  S'ivediJIi,  Durian,  and  ' 
lifli  irons,  and  even  the  irons  made  at 
different  furnaces  in  the  fame  coun- 
try are  refpeclively  fit  for  Ibme  pur- 
pofes,  and  -unfit  for  other-,  he  who 
Ihould  attempt  to  ufe  the  ffine  iron 
for  the  making  of  wire,  and  for 
^coach  and  waggon  wheels,  vvould  be- 
■^ray  great  ignorance  in  his  bufmefs-. 

^ J ii 
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In  like  manner,  a notable  dinerence’ 
may  be  obferved  in  different  forts  of 
copper,  yet  all  of  them  have  their 
relpedlive  iifes : the  Swedilh  copper 
is  more  malleable  than  the  copper  of 
Hungary,  the  copper  of  Anglefey 
differs  from  the  copper  of  Cornwall 
and  of  Staffordfhire.  The  braziers 
prefer  that  copper  which  they  can 
work  with  the  greateft  facility,  but 
the  malleability  of  copper  fhould  not 
be  efteemed  the  only  criterion  of  its 
goodnefs ; for  the  copper  which  is 
lefs  malleable  may  admit  a finer 
polifli,  and  may  laft  longer  when 
expofed,  as  in  breweries,  in  the  navy, 
&c.  to  the  aiffion  of  the  fire,  than 
the  copper  which  is  more  malleable. 
This  has  been  proved  by  experiment. 
7’hree  plates  of  copper,  equal  to  each- 
other  in  furface  and  thicknefs,  were 


ex- 
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expofed,  for  the  lame  length  of  time, 
■ to  a violent  fire,  with  a view  of  feeiiv^ 
which  would  beft  fuftain  its  aftioin 
one  plate  was  made  of  copper  which 
had  been  purified  by  a chemical  pro- 
cefs,  another  was  made  of  copper  from 
Hungary,  and  the  third  of  Svredifh 
copper.  The  purified  copper,  when 
freed  from  the  calcined  Icales,  had 
loft  5 grains  of  its  weight,  that  of 
Hungary  had  loll  8,  and  that  of 
Sweden  m grains^. 

Queen  Elizabeth,  in  15%,  granted 
by  patent  all  the  calamine  in  Enn-, 
land  and  within  the  Englifh  Pale  in 
Ireland  to  her  alfay  mailer  JVilUam 
Humphrey,  and  one  Chriflopher  Shu/z 
a German,  and,  as  the  patent  lets 
forth,  a workman  of  great  cunnino-^ 
knowledge  and  experience,  as  well  fn 

• Mem.  de  Brux.  Vo!.  IV, 
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the  finding  of  calamine,  as  in  the 
proper  ufe  of  ic  for  the  coinpofuion; 
of  the  mixt  metal  called  latien  or 
hrafs*.  With  thefe  patentees  were 
foon  after  affociated  feme  of  the 
greateft  men  in  the  kingdom,  as  Sis 
Nicholas  Bacon,  the  Duke  of  Nor- 
folk, the  Earls  of  Pembroke  and 
Leicefter,  Lord  Cobham,  Sir  William 
Cecil,  and  others,  and  the  whole  were 
incorporated  into  a fociety,  called,. 
The  Society  for  the  Mineral  and 
Battery  Works  in  the  year  1568. 
Mines  of  latten^  whatever  may  have 
been  at  that  period  meant  by  the 

word, 

* Opera  Mineralia  explicata,  p.  34. 
'I’his  work  was  written  by  Mdfes  Stringer,' 
M.  D.  in  1713,  and  contains  a complete 
hiilory  of  the  ancient  corporations  of  the  city 
of  London,  of  and  for  the  mines,  the  mineral 
isA  battery  works , ’ 
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word,  are  mentioned  in  the  time  of 
Henry  VI.  who  made  his  chaplain 
John  Botfvvright,  comptroller  of  all 
his  mines  of  gold- and  filver,  copper, 
latten,  lead,  within- the  counties  of 
Devon- and  Cornwall  * ; yet  l am  dif- 
pofed  to  think,  that  the-  beginning  of 
the  brafs  manufadbory  im  England- 
may  be  properly  referred,  to  the  po- 
licy of  Elizabeth,  who  invited  intO’ 
the  kingdom  various  perfons  from! 
Germany,,  who  were  well  fl-cilled  in' 
metallurgy  and  mining.  In.  J639,  a 
proclamation  was  ifilied  prohibiting 
the  importation -of  brafs  wire  -f ; and 
about  the  year  1650,  ov\e  Demetrius; 
a German,  fet  up  a brafs  work  in  Sur- 
ry, at  the  expence-  of  fix  thoufand 
pounds  d’,  and  above  eight  thoufand 

® id.  p.  20.  t id.  p.  14,7, 

p EfTays  on  -Meta!.  Words  — Brafs, 
ii  4' 


men 


( rz-  ) 

men  are  faid  to  have  been  employer^ 
in  the  brafs  manufactories,  which, 
were  eftablifked  in  Nottinghamfliire, 
and  near  London,  yet  Sir  John  Pettus,, 
in  his  account  of  royal  mines,  pub- 
iifhed  in  1670,  obferves  that  thefe 
brafs  works  were  then  decayed,  and 
the  art  of  making  brafs  almoft  gone 
with  the  artifts  *.  But  though  the 
art  was  then  almofl  gone,  yet  it  was 
never,  after  its  firft  eftablilhment, 
altogether  loft  j for  about  the  year 
1708,  we  find  that  there  were  brafs 
manufacturers  in  England,  and  that 
they  prefented  a memorial  to  the 
Houfe  of  Commons,  fetting  forth  fe. 
veral  reafgns  for  continuing  the  brafs 
manufactory  in  this  kingdom,  and 
foliciting  for  it  the  protection  of  par- 
liament In  this  memorial  they 

ftated 

• Fodinre  RcgaL  p.33.  f Oper.  Min.  exp. 

p.  1 36. 
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ftated  that  England,  by  reafon  of  the 
inexhauftible  plenty  of  Galamine, 
might  become  the  ftaple  of  brafs  ma- 
nufadory  for  itfeif  and  foreign  parts  5 
that  the  continuing  the  brafs  works 
in  England  would  occafion  plenty  of 
rough  copper  to  be  brought  in,  and 
make  it  the  ftaple  (in  time)  of  cop- 
per and  brafs ; that  the  Swedes  had 
endeavoured  to  fubvert  the  Englifli 
brafs  manufadory,  by  lowering  the 
price  of  Swedifh  brafs  wire,  inveigling 
away  workmen,  and  other  means. 
In  compliance  with  the  purport  of 
this  memorial,  an  ad  of  parliament 
was  paffed  in  the  fame  year,  by  which 
the  former  duties  payable  on  the  ex- 
portation of  copper  of  the  produce  of 
Great  Britain,  and  of  brafs  wire^  were 
taken  off,  and  thefe  articles  were  al- 
lowed to  be  exported  free  of  duty.- 

In 
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\n  ty'io  It  was  Tcmarked,  that  this- 
nation  could  fupply  itfelf  with  cop* 
per  and  brafs  of  its  own  produca- 
fufficienc  for  all  occafions,.  if  fuch 
duties  were  laid  on  foreign  copper 
and  brafs,  as  would  difcourage  their 
importation,  and  at  the  fame  time- 
encourage  the  fale  of  our  own  me* 
tals*.  At  prefent  the  brafs  manu- 
factory is  eftablifhed  amongft  us  in 
a very  great  extent.-,  we  are  fo  far 
from  being  obliged,  to  have  reeourfe 
to  any  of  our  neighbours  for  this 
commodity,  that  we  annually  export 
large  quantities  of  manufadured 
brafs  to  Flanders  (it  was  formerly 
called  Flanders  metal)  France,  Getr 

many,, 

* State  of  tlie  Copper  and  Brafs  Manu- 
fa£lures,  by  W.  Wood.  — The  fame  perfon 
whoni..Swift  handled  fo  roughly  in  his  Dra«* 
pier’s  Letters, 
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many,  Portugal,  Spain,  Ruflla,  A- 
frica,  and  moft  other  parts  of  the 
world.  In  1783,  a bill  was  paffed  by 
the  Houfe  of  Commons  for  repeal- 
ing certain  ftatutes  prohibiting  the 
exportation  of  brafs.  In  the  reign 
of  Edward  III.  the  exportation  of 
iron,  either  made  at  home  or  brought 
into  England,  had  been  prohibited 
upon  the  pain  of  forfeiting  double 
the  value  of  the  quantity  exported  *. 
And  in  the  reigns  of  Henry  VilL 
and  Edward  VI.  feveral  adls  of  par- 
liament had  been  paffed,  prohibiting 
the  exportation  of  brafs,  copper,  lat- 
ten,  bell-metal,  pan-metal,  gun  me-i 
tal,  Ihrof-metal,  under  the  fame  pe- 
nalty f.  The  general  reafon  for 

paffing 

* 2S  Ed.  III.  c,  5. 

t'zi  Hen.  VIII.  c.  lo.  — 33  Hen.  VIII.c. 
,7.— .2  & 3 Ed.  VI.  c 37. 
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paffing  thefe  adts  certainly  does  not 
apply  to  the  prelent  ftate  of  our 
mines  and  manufactures,  for  the  rea- 
fon  was  this, — left  there  fhould  not  be 
metal  enough  left  in  the  kingidom  fit 

o o 

for  making  of  guns  and  other  engines 
of  war,  nor  for  houftioid  utenfils. 
The  forementioned  aCts  of  parliament 
were  partially  repealed,  by  an  act 
paffed  in  the  fixth  year  of  William 
and  Mary,  by  which  it  was  rendered 
lawful  to  export,  after  the  25th  of 
March,  1694,  all  manner  of  iron, 
copper,  or  mundick  metal  j but  the 
prohibition  of  the  other  metals  was 
continued.  The  brafs-makers  irt 
1783  applied  for  the  fame  liberty, 
which  had  been  granted  to  the  irorr 
and  copper  ftnelters,  a liberty  of  ex- 
porting the  crude  commodity ; this 
liberty  was  not  granted  them  by  the 

legif- 
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legiflature,  for  the  bill  which  had 
pafled  the  Houfe  of  Commons,  was 
thrown  out  by  the  Lords.  The  Bir- 
mingham manufadlurers  prefented  a 
petition  to  the  houfe  of  commons 
againfl;  the  bill  which  was  then  pend- 
ing-, in  which  petition  it  was  repre- 
fented  — that  frequent  attempts  had 
been  made  to  eredt  manufadlures 
fimilar  to  thofe  of  Birmingham  in 
different  parts  of  Europe,  and  that 
the  excellence  of  fome  of  the  Bir- 
mingham articles  depended  upon 
brafs  of  very  different  qualities,  and 
that,  fortunately  for  this  country, 
there  were  feveral  forts  of  brafs  that 
were  peculiarly  adapted  to  the  dif- 
ferent branches  of  their  manufadtures ; 
fo  that  the  fort  which  was  fuitable’ 
for  one  article,  was  improper  for  an- 
other; and  that  they  had  reafon  to 

believe 
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l^elieve,  that  the  manner  of  adapting 
the  various  forts  of  Englifh  brafs  to 
different  articles  in  their  manufac- 
tures, was  not  known  to  foreigners; 
but  that  if  free  liberty  was  given  to 
export  brafs,  every  maker  might  be 
induced  -to  difcover  the  peculiar  ufes 
of  his  fort,  and  that  very  difagreeable 
confequences  to  their  manufadures 
might  thereby  be  produced.  The 
petitioners  alfo  reprefented  — that 
brafs-makers,  in  different  provinces 
of  this  kingdom,  had  not  fucceeded 
in  mtalving  the  forts  of  brafs  made  in 
other  provinces;  and  that  one  great 
company  of  brafs-makers  had  not 
fucceeded  in  making  brafs  fuita- 
ble  for  the  Birmingham  market, 
though  they  had  profelfed  an  earneft 
defirc  to  do  fo.  And  they  humbly 
apprehended,  that  there  never  had 
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'been  'fuch  a quantity  of  brafs  export-., 
ed  as  to  render  it  a national  objedi 
•and  that  there  was  not  a probability, 
of  any  fuch  quantity  being  exported,- 
though  fo  much  might  be  as  to  raife 
a ruinous  competition  to  their  manu- 
fadures,  &c. 

The  brafs-makers,  it  may  be  faid, 
fuffer  an  injury  in  being  prohibited 
from  exporting  a commodity  by  which 
they  might  be  gainers, . merely  left 
the  great  brafs  manufadurers  fhould 
lofe  fomewhat  of  their  profit,  by  hav- 
ing a lefs  extenfive  trade.  But  this 
is  not  a proper  ftate  of  the  cafe ; it  is 
not  for  the  fake  of  the  great  brafs 
manufadurers  that  the  prohibition 
of  exporting  brafs  is  continued,  nor 
is  there  any  want  of  that  metal  in  the 
kingdom-,  but  left  foreigners  Ihoulcl 
rival  US  in  a trade  which,  in  affordino- 

* O 
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employment  to  many  thoufancls  of 
people,  is  of  the  greatefi:  confequence 
to  the  kingdom  in  general.  The 
proprietors  of  Fuller^ s Earth  have- 
been  prohibited  from  exporting  that 
material,  not  out  of  any  partial  re- 
gard of  the  legiflature  for  the  great 
woollen  manufadurers,  but  left  the 
number  of  perfons  employed  in  that 
manufadture  ftiould  be  much  lef- 
fened,  if  foreigners  were  fupplied 
with  an  article  fo  effentially  neceffary 
to  its  perfedion,  as  fuller’s  earth  is 
found  to  be-,  and  though  other  na- 
tions have  fuller’s  earthy  yet  that 
which  is-  met  with  in  England  is 
reckoned  to  be  fitter  for  the  woollen 
inanufadory,  than  any  other  which 
has  yet  been  found  in.  any  part  of  the 
world.  This  obfervation  may  be  ap- 
plied to  the  fubjedt  we  are  fpeaking 

of-. 


t Si  ), 

'great  quantities  of  good  brafs  are 
made  by  moft  nations  in  Europe,  as 
well  as  by  the  Englifc  ; but  the  Eng- 
lilh  brafs  is  more  adapted  to  the  Bir- 
mingham manufaftories,  than  any 
other  fort  is ; and  hence  in  France^ 
Portugal,  Rujfia,  and  Gcffiisny^  our 
untitanttf G3uTed  brafs  is  allowed  to  be 
imported  jree  of  duty,  but  heavy  du- 
ties are  impofed  in  thofe  countries  on 
manufactured  brafs  when  importedo 
The  manner  of  mixing  different  forts 
of  brafs,  fb  as  to  make’  the  mixture 
fit  for  particular  manufaftures,  is  not 
known  to  foreigners;  though  this  is 
a circumftance  of  the  greateft  import- 
ance;  but  there  can  be  little  doubt 
that  if  foreign  nations  were  poffefied  ' 
of  all  the  forts  of  Englifh  brafs,  they 
would  foon  feduce  our  workmen  to 
inftrudl  them  in  the  manner  of  mix- 
ing them,  and  in  fome  other  little 
VOL.  IV.  F rir 
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circumftances,  which  are  not  gene* 
rally  known,  but  on  which  the  fuc- 
cefs  of  the  manufafture  depends  in  a 
great  degree.  On  thefe  and  other 
accounts,  till  commerce  puts  on  a 
more  liberal  appearance  than  it  has 
hitherto  done  in  Europe,  till  differ- 
ent nations  fhall  be  difpofed  to  con- 
lider  themfelves,  with  refpeil  to  com- 
mercial interefts,  as  different  pro- 
"vinces  only  of  the  fame  kingdom, 
it  may,  probably,  be  thought  ex- 
pedient to  continue  the  ads  prohi- 
biting the  exportation  of  unwroughc 
brafs,  though  the  reafons  which  in- 
duced the  legiflature  to  pafs  them 
have  long  fince  ceafed  to  exift.  I 
do  not  enter  into  the  inquiry,  when 
the  cuftom  houfe  officers  began  to 
make  a diftindion  between  wrought 
and  unwroiighl  brafs,  fo  as  to  admit 
the  former  to  an  entry  for  exporta- 
^ tion. 
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tfon,  and  not  the  latter;  but  I api^ 
prehend  it  was  in  the  year  1721,  when 
various  goods  and  merchandizes  of 
the  produ6t  or  manufadures  of  Great 
Britain  were  allowed,  by  ad  of  par- 
liament, to  be  exported  free  of  duty  : 
lapis  calaminaris^  lead,  and  feveral 
other  articles  are  enumerated  in  the- 
ad,  on  which  the  duty  was  to  be- 
continued ; but  in  this  enumeration 
there  is  no  mention  m^idt  of  unwrought 
brafs,  though  it  may  properly  be 
eonfidered  as  a merchandize  of  the 
produd  of  Great  Britain  ;•  but  the 
suantitv  of  brafs  which  was  then 
made  in  the  kingdom  was  fo  fmall,. 
that  it  did  not,  probably,,  enter  into 
the  contemplation  of  the  legiflature 
to  forbid  an  exportation,  which  did 
not  feem  likely  ever  to  take  place. 
Brafs  is  made  in  various  parts  of  Great 
Britain but  the  Brijiol,  Macclesfield^ 
F 2.  and- 
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ztidiWarrington  companies  are  the  only 
ones,  ! believe,  which  go  through  all 
the  procefles  of  fmelting  the  copper 
from  its  ore,  of  preparing  the  cala- 
mine, and  of  uniting  it  with  copper 
for  the  making  of  brafs.  The  trade 
of  brafs-making  has  within  thefe  few 
months  been  much  deranged  through- 
out the  nation,  by  an  agreement  which 
has  been  entered  into  by  fome  of  the 
principal  copper  companies,  to  the 
exclufion  of  others,  to  buy  up  all 
the  copper  of  the  mines  now  at  work 
in  the  kingdom.  The  effedl  of  this 
plan  is  not  yet  generally  either  felt  or 
forefeen. 

The  • following  Effay  was  written  feveral 
years  ago ; it  is  now  printed,  with  little  al- 
teration, from  a copy  which  I tranfmitted  in 
(783  to  The  Literary  and  Philofophical  Society 
et  Manehefter,  as  a fmall  Tribute  of  Grati- 
tude for  the  unfolicited  and  unexpefted  ho- 
nour they  had  done  me,  in  eledling  me  one 
■of  their  members. 
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On  Qrichalcum^ 


WE  have  a proof,  from  ths 
writings  of  Cicero,  that  the 
Romans,  in  his  time,  underftood  by 
the  term  Orichalcum,  a metallic  fub- 
ftance  refembling  gold  in  colour,  but 
very  inferior  to  it  in  value.  He  puts 
the  following  cafe  “ V/hether,  if  a 
perfon  fhould  offer  a piece  of  gold  to 
fale,  thinking  that  he  was  only  dif- 
pofing  of.  a piece  of  orichalcum,  am 
F 3;  honefc 
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honeft  man  ought  to  inform  him  that 
it  waso  really  gold,  or  might  fairly 
buy  for  a penny  what  was  worth  a 
thoufand  times  as  much  It  is 
not  contended,  that  the  argument,  in 
this  place,  required  any  great  accu- 
racy in  afcertaining  the  relative  va- 
lues of  gold  and  orichalcum  ; yet  we 
may  reafonably  conclude  from  ir, 
that  orichalcum  nnght  by  an  igno- 
rant perfon  be  miflaken  for  gold, 
and,  that  it  was  but  of  fmall  eftima- 
tion  when  compared  with  it. 

‘Julius  Ctefar  robbed  the  capitol  of 
three  thoufand  pound  weight  of  gold, 
and  fubftituted  as  much  gilded  cop- 
per in  its  ftead  -f ; in  this  fpecies  of 
facrilege,  he  was  followed  by  Vitellius^ 
who  delpoiled  the  temples  of  their 

gifts 

• Cicer.  de  OIF.  L.  III. 

^ Suet.  iH  Jul.  Cffif.  C.  Liy, 
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gifts  and  ornaments,  replacing  the 
gold  and  filver  by  tin  and  orichal- 
cum  *.  From  this  circumftance  alfo, 
we  may  colled:,  that  the  Roman  ori- 
chalcum  refembled  gold  in  colour, 
though  it  was  far  inferior  to  it  in 
value. 

It  is  probable,  that  the  orichalcum 
here  fpoken  of,  was  a metallic  fub- 
ftance  greatly  analogous  to  our  brafs, 
if  not  wholly  the  fame  with  it.  The 
value  of  our  brafs  is  much  lefs  than 
that  of  gold,  and  the  refembiance  of 
brafs  to  gold  in  colour,  is  obvious  at 
firft  fight.  Both  brafs  and  gold,  in- 
deed, are  fufceptible  of  a variety  of 
(hades  of  yellow;  and,  if  very  pale 
brafs  becomparedwithgold  mixedwith 
much  copper,fuch  as  the  foreign  gold- 
fmiths,  efpecially,  ufe  in  their  toys,  a 

dif- 

• * Id.  in  Vitel,  C.  VI. 
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difparity  may  be  feen ; but  the  near- 
nefs  of  the  refemblanee  is  fufficiently 
afcertained  in  general,  from  obferv- 
ing  that  fubftances  gilded  with  brafs, 
or,  as  it  is  commonly  called,  Dutch 
leaf,  are  not  eafily  diftinguifhed  from 
fuch  as  are  gilded  with  gold  leaf. 

The  Remans  were  not  only  in  pof- 
feffion  of  a metallic  fubftance,  called 
by  them  orichalcum,  and  refembling 
gold  in  colour,  but  they  knew  alfo 
the  manner  of  making  it;  and  the  ma- 
terials from  which  they  made  it,  were 
the  very  fame  from  which  we  make 
brafs.  1 am  fenfible,  that  in  ad- 
vancing this  opinion,  I diflent  from 
authors  of  great  credit,  who  efteem 
the  art  of  making  brafs  to  be  wholly 
a modern  invention.  ' Thus  M.  Crcn- 
■Jiedt  (though  I differ  in  opinion 
from  him.)  “does  not  think  it  juft  to 

con* 
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conclude  from  old  coins  and  other 
antiquities,  that  it  is  evidently  prov- 
ed, that  the  making  of  brafs  v/as 
known  in  the  moft  ancient  times  * 
the  authors  of  the  French  Encyclope- 
die  affure  us,  that  “ our  brafs  is  a 
very  recent  invention -f-;”  and  Dr. 
Laughton ;{:  fays,  “ the  veflels  here 
called  brazen,  after  ancient  authors, 
cannot  have  been  of  the  materials 
our  prefent  brafs  is  compofed  of,  the 
art  of  making  it  is  a modern  difco- 
very.” 

Pliny,  fpeaking  of  fome  copper 
which  had  been  difcovered  near  Cor- 
diiba  in  the  province  of  Andalufia  in 
Spain,  fays,  “ this  of  all  the  kinds  of 
-copper,  the  Livian  excepted,  abforbs 
moft  cadmia,  and  imitates  the  good- 

nefs 

* Miner,  p.  218.  f Art.  Orichalque. 

X Laughton’s  Hiil.  of  Ancient  Egypt,  p.sB*. 
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mefs  of  aurichakum  The  expref- 
fion,  ■*  abforbs  molt  cadmia^  feems  to 
indicate,  that  the  copper  was  increaf- 
ed  in  bulk,  or  in  weight,  or  in  both, 
by  means  of  the  cadmia.  Now  it  is 
well  known,  that  any  definite  quan- 
tity of  copper  is  greatly  increafed, 
both  in  bulk  and  in  weight,  when  it 
is  made  into  brafs  by  being  fluxed 
in  conjunflion  with  calamine.  The 
other  attribute  of  the  copper  when 
mixed  with  f^J»?r<3,’was,  its  relembling 
aurichakum.  We  have  feen  from  Ci- 
cero., that  the  term  orichalcum  was  ap- 
plied to  a fubftance  far  lefs  valuable 
than  gold,  but  fimilar  to  it  in  co- 
lour; and  it  is  likely  enough,  that 
the  Romans  commonly  called  the 
mixture  of  copper  and  cadmia  ori- 
chalcum, though  .P/wjx  fays,  that  it 

only 

• Hill.  Nat.  L.  XXXIV.  S.  IL 
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■cnly  refembled  it  j he,  as  a naturalifl, 
fpeaking  with  precifion,  and  diftin- 
guifliing  the  real  orichalcum,  which 
in  his  time,  he  fays,  was  no  where 
produced,  from  the  faftitious  one, 
which,  from  its  refcmblance  to  it, 
had  ufurped  its  name. 

Sextus  Pompsius  Fejlus  abridged  a 
work  of  Verrius  Flaccus,  a gramma- 
rian of  confiderable  note  in  the  time 
of  Augujlus.  In  this  abridgement, 
he  defines  cadmia,  to  be  an  earth 
which  is  thrown  upon  copper,  in  or- 
der to  change  it  into  orichalcum  *. 
The  age  in  which  Fefius  flourifhed  is 
not  afeertained  ; he  was  unqueftion- 
ably  pofterior  to  Martial^  and  fome 
have  thought  that  he  lived  under  the 
Chrillian  Emperors.  But  leaving 

that 

• Cadmia-Terra  quas  in  a5s  conjicitur, 
£at  orichalcum.  Fef.  de  Ver.  Seq. 
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that  point  to  be  fettled  by  the  critics, 
if  he  expreffed  himfelf  in  the  words  of 
the  author,  whofe  work  he  abridged, 
Vv'e  have  from  him  a decifive  proof, 
that  cadmia  was  confidered  as  a fpe- 
cies  of  earth,  and  that  the  Romans 
ufed  it  for  the  converting  of  copper 
into  a metallic  fubftance  called,  in 
the  Auguftan  age,  orichalcum. 

In  oppolition  to  this,  it  ought  to 
be  remarked,  that  fome  underftand 
by  the  cadmia  of  Pliny^,  not  calamine, 
but  native  arfenic.  They  feem  to 
have  been  led  into  this  opinion,  from 
obferving  that  Pliny  fays,  lapis  <srofus 
was  called  cadmia.  For,  apprehend- 
ing that  by  lapis  arofus,  Pliny  under- 
ftood  a kind  of  ftone  which  caufed 
ulcers  and  erofions  in  the  flefh  of 
thofe  who  were  occupied  in  work- 
ing it,  and  knowing  that  arfenic  pro- 
duced 
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^uced  fuch  an  efFed,  they  have  con- 
cluded that  cadmia  was  native  arfe- 
nic  *.  This,  probably,  is  a miftake, 
arifing  from  a mifinterpretation  of 
the  word,  tsrofus.  Pliny  ufually,  if 
not  conftantly,  applies  that  word  to 
fubftances  in  which  copper  is  con- 
tained, without  having  any  refped  to 
the.adions  of  fuch  fubftances  on  the 
flelh  of  animals.  Arfenic,  moreover, 
when  mixed  with  copper,  does  not 
give  a gold,  but  a filver-like  appear- 
ance to  copper.  And  laftly,  Pliny  -]■ 

in 

. nous  foupconnons  que  Pline  a 
voulu  defigner  par  lapis  serofus,  line  pierre 
qui  mange  et  fait  des  ulceres  ou  erofions  a 
ceux  qui  la  travaillent,  et  qui  eft  probable- 
ment  T arfenic  vierge.  Miner,  par  M.  Val- 
mont  de  Bomare,  V.  II.  p.  64. — If  the  word 
had  been  erofus^  this  criticifm  might  have 
been,  admitted. 

t HiiL  Nate  L.  XXXIV.  10. 
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in  another  place  exprefsly  fays,  that 
the  ftone  from  which  brafs  (^es)  waS’ 
made,  was  called  cadmia;  now  it  is 
impoffible  to  make  either  brafs  or 
copper  from  arfenic. 

Ambrofe,  bifhop  of  Milan  in  the 
fourth  century,  fays,,  that  copper, 
mixed  with  certain  drugs,  was  kept 
fluxed  in  the  furnace  tiil  it  acquired 
the  colour  of  gold,  and  that  it  was 
then  called  aurichalcum  *.  Prima- 
fiiiSy  bifhop  of  Adrumetum  in  Africa , 
in  the  fixth  century,  obferves,  that 
aurichalcum  was  made  from  copper, 
brought  to  a golden  colour  by  a lopg 
continued  heat,  and  the  admixture  of 
a drug  -f.  IfidoruSy  bifliop  of  Seville 

in 

* namque  in  fornace,  quibufdam 

xnedicaminibus  admixtis,  tamdiu  conflatur, 
ufque  dum  colorem  auri  accipiat,  et  dicitur 
aurichalcum.  Amb.  in  Apoc.  C.  1. 

f AurichakUm  e.'j  asre  cum  igac  nvulio; 
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in  Spain,  in  the  feventh  centuty,  de- 
I'cribes  aurichalcum  as  poflefTing  the 
Iplendour  of  gold,  and  the  hardnefs 
of  copper,  and  he  ufes  the  very  words 
of  Primafius  refpefting  the  manner 
of  its  being  made*.  The  drug 
fpoken  of  by  thefe  three  bilhops  was 
probably  cadmia.  Prepared  cadmia 
is  highly  commended  by  Pliny  as. 
ufeful  in  diforders  of  the  eyes  -f-,  and 
k is  ftill  with  ns,  under  the  more 
common  appellation  of  calamine,  ia 
fome  repute  for  the  fame  purpofe. 
Hence,  confidering  the  tekimonies  of 

Fejlus- 

et  medicamine  adhibito,  perducitur  ad  au- 
reum  colorem.  Prima.  in  Apoc.  C.  I. 

• Aurichalcum  diftum,  quod  et  fplendo- 
rem  auri,  et  duritiam  teris  poffideat,  fit  autem 
ex  rere  et  igne  multo,  ac  roedicaminibus  per«- 
ducitur  ad  aureum  colorem.  Ifid.  Orig. 

t'Hifl.  Nat.  L.  XXXiV.  C.  X. 
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FeJtus  'S.VL^  Pliny  to  the  application  of 
tadmia  in  making  either  orichalcum, 
or  a fubftance  imitating  the  goodnefs 
of  orichalcum,  we  cannot  have  much 
doubt  in  fuppofing,  that  cadmia  was 
the  drug  alluded  to  by  Ambrofe,  and 
by  thofe  who  feem  to  have  borrowed, 
with  fome  inaccuracy  of  expreffion, 
his  defcription  of  the  manner  of 
making  orichalcum. 

What  we  call  brafs,  was  anciently 
in  the  French  language  called  archaic 
and  brafs  wire  is  ftill  not  unfrequently 
denominated  fil  d'  nr  dial.  Now  if  wc 
can  infer,  from  the  analogy  of  lan- 
guages, that  ardial  is  a corruption  of 
aurkhalcumy  wc  may  realbnably  con- 
jefture,  that  our  brafs,  which  is  the 
fame  with  the  French  arclial,  is  the 
fame  alfo  with  the  Roman  mrichal’ 
dum; 

Though 
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Though  we  may,  from  what  has' 
been  advanced,  conclude,  without- 
much  appfehenfion  of  error,  that  the- 
Romans  -knew  ■ the  method  of  making 
brafs,  by:  melting  together  calamine  and 
copper-,  yet  the  invention  was  proba- 
bly derived  to  them  from  fome  other 
country. 

We  meet  with  two  pnflages,  one 
in  Arijlotle,  the  other  in  Strabo,  from 
which  we  mav  colleft,  that  brafs-was 
made  • in  Afa,  much  after  the  fame 
manner,  in  which  it  appears  to  have 
been  made  at  Rome. 

Strabo  informs  us,  that  in  the  en- 
virons oi.Andera,  a city  of  Phrygia, 
a .wonderful  kind  of  ftone  was  met 
with,,  which  .being  calcined  became 
iron,  and  being  then  fiuxed  with  a 
certain  earth,  dropped  out  a filver- 
looking' metal,  which,  being  mixed 
VOL.  IV.  G with 
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with  copper,  formed  a cOmpofition, 
which  fome  called  orichalcum  *.  It 
is  not  improbable,  1 think,  that  this 
•■■ftone  refembled-  black  jack^  or  fome 
other  ore  of  zinc.  Black  jack  may, 
'■'in  a'-common  way  of  fpeaking,  be 
‘ called' a ftone.  It  abounds  in  iron; 

, and,  when  calcined,  looks  like  an 
iron  earth  : it  yields  zinc  by  diftilla- 
' tion,  fometimes  mixed  with  filver  and 
lead;  and  both  the  metallic  fubftance 
which  may  be  extraded  from  black, 
jack,  and  the  fublimate  which  arifes 
V from ' it,  whilft  it  is  fmelted,  will, 
when  mixed  with  copper,  make  brafe. 
The  Mojfynaci  inhabited  a country 
' not  far  from  thcEuxine  Sea,  and  their 
• copper,  according  to  Arifiotky  was 
-faid  to  have  become  fplendid  and 
-white,  not  from  the  addition  of  tin, 

‘but 

« Strab.  Geo.  L.  XIII, 
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but  from  its  being  mixed  and  cement- 
ed with  an  earth  found  in  that  coun- 
try*. This  cementing  of  copper 
with  an  earth,  is  what  is  done,  when 
brafs  is  made,  by  uniting  copper  vdth 
calamine,  which  is  often  called,  and, 
indeed,  has  the  external  appearance 
of,  an  earth:  and  that  Jlfia  was  cele- 
brated for  its  cadmia  or  calamine,  we 
have  the  teftimony  of  Pliny  -f.  The 
copper  of  the  Moffynreci  is  faid  to 
have  become  white  by  this  operation. 
Whitenefs  appertains  to  brafs,  either 
abfolutely,or  relatively:  for  brafs  is  not 
only  much  whiter  than  copper ; but 
when  it  is  made  with  a certain  quan- 
tity of  a particular  fort  of  calamine, 
for  there  are  very  various  forts  of  it, 
its  ordinary  yellow  colour  is  changed 

' into 

♦ Arif.  deMirab.  Op.  Tom,  11.  p,  721. 

t Hift,  Nat,  L.  XXXIV,  C,  II. 
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into  a white.  Cicero,  we  have  fcen, 
fuppofes  that  orichalcum  might  have 
been  miftaken  for  gold,  and  as  fuch, 
it  muft  have  been  yellow  •,  yet  Virgil 
applies  the  epithet  white  to  orichal- 
cum, 

Ipfe  dehinc  auro  fqaalentem  alloqut  orichalco 
Circumdat  loricam  humeris  *. 

Arijlotle  alib  fpeaks  of  having  heard 
of  an  Indian  copper,  which  was  ihin- 
ing,  and  pure,  and  free  from  rulf, 
and  not  diftinguidiable  in  colour 
from  gold  y';  and  he  informs  us,  that 
amongll  the  veffcls  of  Darius  there 

I o 

were  fome,  of  wliich,  but  for  the  pe- 
culiarity of  their  fmell,  it  would  have 
been  impoflible  to  fay,  whether  they 
were  made  of  gold  or  copper.  This 
account  feems  very  defcriptive  of 

♦ Virg.  Mn.  L.  XII.  87. 
f Arif,  de  Mirab.  T.  ll.  p.  719. 
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common  brafs,  which  may  be  made 
to  rcfemble  gold  perfedlly  in  colour, 
but  which,  upon  being  handled,  al- 
ways emits  a ftrong  and  peculiar 
fmell,  not  ob her vable  either  in  gold  or 
gilded  copper. 

The  kings  of  Perfm^  who  preceded 
the  Darius  mentioned  by  Arijlotkt 
were  in  poffeffion  of  fimilar  velTels; 
but  they  feem  to  have  been  rare,  and 
of  courfe  were  held  in  high  eftima- 
tion.  Among  the  magnificent  pre- 
fents  of  gold  and  filver  veffels,  which 
Artaxerxes  and  his  counfellors  gave 
to  Ezra,  for  the  fervice  of  the  tem- 
ple at  Jerufalem,  there  were  twenty 
bafons  of  gold,  and  but  two  veffels 
of  yellow  Ihining  copper,  precious  as 
.gold,  or,  as  Tome  render  the  words, 
refembling  gold  *.  “ Sir  John  Char- 
din, 

* Ezra'  vlii.  27. 
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din,  in  his  MS.  note,  has  mentioned 
a mixt  metal  ufed  in  the  eaft,  and 
highly  efteemed  there-,  and,  as  the 
origin  of  this  compofuion  is  un- 
known, it  might,  for  aught  we  know, 
be  as  old  as  the  time  of  Ezra,  and 
be  brought  from  thole  more  remote 
countries  into  Perfta,  where  tliefe  two. 
bafons  were  given  to  be  conveyed  to 
Jerul'alem.  ‘ I have  heard,’  fays  the 
note,  ‘ fome  Dutch  gentlemen  fpeak 
of  a metal  in  the  ifland  of  Sumatra, 
and  among  the  Macaffars,  much  more 
efteemed  tlian  gold,  which  royal  per- 
fonages  alone  might  wear.  It  is  a 
mixture,  if  I remember  right,  of  gold 
and  fteel,  or  of  copper  and  fteek’  He 
afterwards  added  to  this  note  (for 
the  colour  of  the  ink  differs)  ‘ Calm- 
bac  is  this  metal  compofed  of  gold 
and  copper.  It  in  colour  nearly  re- 

fembles 
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fdmbles  the  pale  carnation  rofe,  has  a 
very  fine  grain,  the  polifh  extremely 
lively.  1 have  feen  fomething  of  it, 
&c.  Gold  is  not  of  fo  lively  and  ' 
brilliant  a colour-,  I believe,  there  is 
fteel  mixed  with  the  gold  and  copper.’ 
He  feems  to  be  in  doubt  about  the 
compofition-,  buf  very  pofitive  as  to 
its  beauty  and  high  eftimation 

The  fuppofition  of-  hrafs  having 
been  anciently  made  in  Ltdia^  feems 
to  be  rendered  improbable  by  both 
Pliny  and  Sirabo  •,  Pliny  exprefsly 
faying,  that  the  Indians  had  no  cop- 
per f,  and  without  copper  we  are 
certain  that  brafs- cannot  be  made; 
and  Strabo  reprefenting  them  as  fo 
ignorant  of  the  art  of  fluxing  metals 

that, 

• Harmer’s  Obf.  on  Scrip. -Vol.  If.  p,  491, 
t Hilt.  Nat,  L.  XXXIV.  C.  XVll.  • 

'X  Geo.  L.  XIV. 
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that,  according  to  him,  if  they' had 
been  polTeffed  of  the  materials,  they 
would- not  have  had  the  ability  to  ufe 
■them  for’ the  compofing  of  bral's. 
But  thefe  writers,  it  is  apprehended, 
'knew  very  little  of  India.  Strabo, 
in  particular,  laments  his  want  of 
materials  to-compofe  a confiftent  ac- 
-count  of  India ; and  few  of  the  au- 
thors, from  whofe  works  Pliny  com- 
piled his  natural  hiftory,  can  be  fup- 
pofed  to  have  had  any  intercourfe 
with  that  country.  Strabo,  more- 
over, contradidls  both  Pliny’s  obfer- 
vation,  and  his  own.  In  defcribing 
the  great  pomp  with  which  fome  of 
the  Indians  were  accuftomed  to  cele- 
brate their  feftivals,  he  fpeaks  of  huge 
trilt  kettles,- cups,  and  tables  made  of 
^'Indian  copper*;  from  which  it  ap- 
pears, 

•«Id.L’XXVI.' 
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pears,  not  only  that  the  Indians  were 
•not  deftitute  of  copper,  but  that  they 
•were  fkilful  metallurgies,  fince  they 
knew  how  to  flux  it,  to  form  it  into 
•veffels  of  various  kinds,  and  to  gild 
- it.  Perhaps,  this  Indian  copper,  of 
which  the  veflels  were  made,  inftead 
of  being  gilt,  only  refembled  gold  in 
colour,  and  was  really  a fort  of  brafs. 
It  is  granted  that  this  is  but  a con- 
jedture,  but  it  is  not  devoid  of  pro- 
bability •,  for,  not  to  mention  that  the 
author,  whoever  he  was,  from  whom 
Strabo  extrafted-this  account,  might, 
' in  a public  exhibition,  haveeafily  mif- 
taken  polifhed  brafs  for  gilt  copper, 

■ nor  the  little  probability,  that  caul- 
' drons,  and  kettles,  and  fuch  veflels 
as  were  in  conftant  ufe,  would  be 
, gilded  in  any  country,  we  have  rea- 
‘fon  .to  believe,  from  what  has  been 
■ -ob- 
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obferved  before,  that  a peculiar  kind 
of  veffels,  probabl)’’  refeiubling  fome 
of  thofe  exhibited  in  the  Indian  fefti- 
vals,  .had  been  long  in  ufe  in  PerJIa,  ■ 
and  that  they  were  made  of  Indian 
copper  without  any  gilding.  We 
know  that  there  is  found  in  India, 
not  only  copper  ftridtiy  fo  called,  but 
zinc,  alfo,  which  being  mixed  with 
copper  conftitutes  brafs,  pinchbeck, 
tombac,  fimilor,  and  all  the  other 
metallic,  mixtures  which  refemble- 
gold  in  colour.  On. -the  whole,  it 
appears  probable  to  me,  that  brafs  • 
was  made  in  the  mojt  remote  ages  in  In- 
dia,  and  in  other  parts  of  Afia,  of  cop- 
per and  calamine^  as  itds  at  prefent.— - 
If  the  celt  be  allowed  to  be  a Britifh  • 
inftrument,  then  may  we  be  certain,  , 
from  what  was  obferved  concerning  . 
it  in  the  laft  Effay,  that  our  anceftors 

knew 
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knew  the  method  of  mixing  together 
calamine  and  copper-,  for  though  tin 
and  copper,  when-melted  together,  in  • 
certain  proportions,  will  give  a bluiih 
green  flame,  yet  that  flame  is  not  ac- 
companied with-a  thick  white  fmoke, . 
and  there  are  but  few  proportions  in 
which  any  flame  at  all  is  to  be  fcen. 

With  refped  to  orichalcum,  it  is  • 
generally  fuppofed  that  there  were 
two  forts  of  it,  one  faftitious,  the 
other  natural the  fafticious,  whether 
we  confider  its  qualities  or  compofi- 
tion,  appears  to  have  been- the  fame 
with  our  brals.  As  to  the  natural 
orichalcumj, there  is  no  impoflibility  in 
fuppofing,  that  copper  ore  may  be  lb 
intimately  blended  with  an  ore  of  zinc, 
or  of  fome  other  metallic  fubftance, 
that  the  compound,  when  fmelted, 
may  yield  a mixt  metal  of  a paler  hue 

than 
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•than  copper,  and  refembling  the  co- 
lour of  either  gold  or  filver.  In  Du 
Halde's  hiftory  of  China,  we  meet  with 
the  following  account  of  the  Cifmefe 
■vihite  copper.  “ The  mofl;  extraor- 

• dinary  copper  is  called  Pe-tong,  or 
•white  copper:  it  is  white  when  dug 
•out  of  the  mine,  and  ftill  more  white 
v/ithin  than  without.  It  appears,  by 
•a  vaft  number  of  experiments  made 
•at  Peking,  that  its  colour  is  owing  to 
no  mixture;  on  the  contrary  all  mix- 
tures diminifh  its  beauty ; for,  when 
dt  is  rightly  managed,  it  looks  ex- 
•adtly  like 'filver,  and  v/ere  there  not  a 
•necellity  of  nrixrng  a little  tutenag, 
cr  fome  fuch  metal  with  it,  to  foften 
dt,  and  prevent  its  brittlenefs,  it  would 
•be  fo  much  the  more  extraordinary, 

• as  this  fort  of  copper  is,  perhaps,  to 
^be  met  with  no  where  but  in  China, 

• ' -and 
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and  that  only  in  the  province  of  Tun- 
nan  Notwithftanding  what  is* 
here  faid,  of  the  colour  of  this  cop- 
per being  owing  to  no  mixture,  it  is 
certain,  that  the  Chinefe  white  cop- 
per, as  brought  to  us,  is  a mixt  me- 
tal *,  lo  that  the  ore,  from  which  it 
is  extradited,  muft  confifi:  of  various 
metallic  fubftances,  and  from  fome 
fuch  ore  it  is  poflible  that  the  natural 
orichalcum,  if  ever  it  exiftcd,  may- 
have  been  made.  But,  though  the 
exiftence  of  natural  orichalcum  can- 
not be  fliewn  to  be  impoflible,  yet 
there  is  fome  reafon  to  doubt,  whe- 
ther it  ever  had  a real  exiftence  or 
not : for  I pay  not  much  attention  to 
what  father  Kircher  has  faid  of  ori- 
chalcum being  found  between  Mexico 
and  the  flraits  of  Darien^  becaufe  no 

other 

• fol.  Tranf.  Vol.  I.  p,  i6. 
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mother  -author  has  confirmed  his  ac- 
• count,  at  leaft  none  on  whofe  fkill  in 
•mineralogy  we  may  rely  *. 

Wc  know  of  no  country  in  which 
it  is  found  at  prefcnt;  nor  was  it 
any  where  found  in  the  age  of  Pliny \ 
nor  does  he  feem  to  have  known  the 
country  where  it  ever  had  been  found. 
He  admits,  indeed,  its  having  been 
formerly  dug  out  of  the  earth;  but 
it  is  remarkable,  that  in  the  very 
paflage,  where  he  is  mentioning  by 
name  the  countries  mod:  celebrated 
vfor  the  produftion  of -different  kinds 
of  copper,  he  only  fays,  in  general, 
•^concerning  orichalcum,  that  it  had 
•been  found  in  other  countries,  with- 
out fpecifying  any  particular  coun- 
•-cry.  Plato  acknowledges,  that  ori- 
•chalcum  was  a thing  only  talked  of 


• Kirch.  Mund.  Sub. 
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"even  in  his  time-,  it  was  no  where 
then  to  be  met  with,  though  in  the 
ifland  of  ■Atlantis  it  had  been  formerly 
extradled  from  its  mine.  • The  Greeks 
were  in  pofleflion  of  a metallic  fub- 
■ (lance,  called  orichalcum,  before  the 

• foundation  of  Rome-,  for  it  is  meiir 
tioned  by  Horner^  and  by  Hejiod,  and 
by  both  of  them  in  fuch  a manner  as 
(hews,  that  it  was  then  held  in  great 

•.  efteem.  Other  ancient  writers  have 
‘ exprelTed  themfelves  in  fimilar  terms 
"of  commendation-,  and  it  is  princi- 
f pally  from  the  circumllance  of  the 
high  reputed  value  of  orichalcum, 
that  authors  are  induced  to  fuppofe 
the  ancient  orichalcum  to  have  been 
z natural  fubftance,  and  very  differ- 
' ent  from  the  fadlitious  one  in  ufe  at 

• Rome,  and,  probably,  dn  Afia,  and 

which. 
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■which,  it  has  been  fhewn,  was  no- 
thing different  from  our  brafs. 

But  this  circumftance,  when  pro- 
perly conbdered,  does  not  appear  to 
be  of  weight  fufficient  to  eftablifh 
the  point.  Whenever  the  method  of 
making  brafs  was  firft  found  out,  it 
is  certain  that  it  muff  have  been  for 
fome  time,  perhaps  for  fome  ages,  a 
very  fcarce  commodity;  and  this 
fcarcity,  added  to  its  real  excellence 
as  a metallic  lubftance,  muff  have 
rendered  it  very  valuable,  and  inti-' 
tied  it  to  the  greateft  encomiums. 
Diodorus  Siculus  fpeaks  of  a people,- 
who  willingly  bartered  their  gold  for 
an  equal  weight  of  iron  or  copper*;- 
and  the  Europeans  have  long  carried- 
on  a fimilar  kind  of  commerce  with* 
various  nations.  Gold,  in  fome 

views. 
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views,  is  juftly  efteemed  the  moft  va- 
luable of  metals  i in  other,  and  thofe 
the  moft  important  to  the  well-being 
of  human  kind,  it  is  far  inferior  to 
iron,  or  copper,  or  brafs.  An  indi- 
vidual, whofe  life  depended  upon  the 
ilfue  of  a Angle  combat,  to  be  de- 
cided by  the  iword,  would  have  no 
hefitation  in  preferring  a fword  of 
fteel,  to  one  of  gold;  and  an  ar- 
my, which  fhould  be  poflefted  of 
golden  armour,  would  not  fcruple 
to  exchange  it,  in  the  day  of  bat- 
tle, for  the  iron  accoutrements  of 
their  enenves.  The  preference  of  the 
harder  metals  to  gold,  is  not  lefs  ob- 
vious in  agriculture,  than  in  war;  a 
plough-fliare,  fpade,  mattock,  chizel, 
hammer,  faw,  nail,  of  gold,  is  not 
for  ufe  fo  valuable,  as  an  inftrument 
of  the  fame  kind  made  of  iron  or 
VOL,  lY.  H brafs- 
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brafs.  Hence,  cbere  is  no  manner  of 
absurdity  in  fuppofing  that  orichal- 
cum,  when  firft  introduced  among 
the  ancients,  might  have  been  prized 
at  . the  greateft  rate,  though  it  had 
been  poffeffed  of  no  other  properties, 
than  fuch  as  appertain  to  brafs. 
When  iron  was  either  not  at  al! 
known,  or  not  common  in  the  world, 
and  copper  inftruments,  civil  and 
military,  were  almofb  the  only  ones 
in  ufe  a metallic  mixture,  refem- 
bling  gold  in  fplendour,  and  prefer- 
able to  copper,  on  account  of  its  fn- 
perior  hardnefs,  and  being  lei's  liable 
to  ruft,  muft  have  greatly  excited  the 
attention  of  mankind,  been  eagerly 
fought  after,  and  highly  extolled  by 
them.  The  Romans.,  no  doubt,  when 
it  had  been  flipulated  in  the  league 
which  made  with  them,  af- 

ter 
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ter  the  expulfion  of  the  ‘Tarquins^  that 
they  (liould  not  ufe  iron,  except  in 
■agriculture,  muft  have  efteemed  a 
metallic  mixture  fuch  as  brafs,  at  a 
-rate  not  eafily  to  be  credited*.  It  is 
not  here  attempted  to  prove,  that 
•there  never  was  a metallic  fubftance 
called  orichalcum,  fuperior  in  value 
and  different  in  quality  from  brafs ; 
but  merely  to  flaew,  that  the  common 
rcafon  affigned  for  its  exiflence,  is  not 
fo  cogent  as  is  generally  fuppofed. 

Con- 

• [n  fcedere  quod,  expnifis  regibus,  po- 
pulo  Romano  dedit  Porfenna,  nominatini 
comprehenfum  invenimus,  ne  ferro  nifi  in 
agricultara  uterentur  Plin.  Hid.  Nat.  VoL 
II.  p.  666.  Was  Porfenna  induced  to  pro- 
hibit the  Romans  the  ufe  of  iron  arms,  from 
the  opinion,  which  feems  to  have  prevailed 

in' Greece  two  hundred  years  afterward 

that  vvoiinds,  made  with  copper  weapons, 
were  more  eafily  healed,  than  thofe  made 
with  iron  ? Arif.  Op.  L.  IV.  p.  43. 
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Confidering  the  few  ancient  writers 
we  have  remaining,  whofe  particular 
burinefs  it  was  to  fpeak  with  precifion 
concerning  fubjedts  of  art,  or  of  na- 
tural hiftory,  we  ought  not  to  be 
lurprized  at  the  uncertainty  in  which 
they  have  left  us  with  refpedl  to  ori- 
chalcum.  Men  have  been  ever  much 
the  lame  in  all  ages;  or,  if  any  ge- 
neral fuperiority  in  underftanding  is 
to  be  allowed,  it  may  fcem  to  be 
more  properly  afcribed  to  thofe  who 
live  in  the  manhood  or  old  age  of 
the  world,  than  to  thofe  who  exilted 
in  its  infancy  or  childhood : efpecially 
as  the  means  of  acquiring  and  com- 
municating knowledge  arc,  with  us, 
far  more  attainable  than  they  were 
in  the  times  of  either  Greece  or  Rome. 
The  Compafs  enables  us  to  extend 
onr  rcfcarches  to  every  quarter  of  the 
- globe 
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globe  with  the  greateft  cafe*;  and 
an  hiftorical  narration  of  what  is  feen 
in  diftant  countries,  is  now  infinitely 
more  diffufed  than-  it  could  have 
been,  before  the  invention  of  print- 
ing-, yet,  even  with  tliefe  advantages, 
we  are,  in  a great  meafui  e,  ftrangers 
to  the  natural  hiftory  of  the  earth,, 
and  the  civil  hiftory  of  the  nations 
which  inhabit  it.  He  who  imports- 
tutenag  from  the  Eaft  Indies,  or  'xhhe' 
copper  ixom  China  ox  Japan,  is  fure  of 
meeting  with  a ready  market''  for  his- 
nierchandize  in  Europe,  witliout  being 
afked-  any  queftions  concerning  the 
manner  how,  or  the  place  where, 

they 

• Buffon  quotes  Homer’s  Odyficy,  and 
■ fome  Chinefe  authors,  to'prove  that  the  u'f'e 
of  the  mariner’s-  compafs  in  'navigation  was 
known  to  the  ancients,  at  lead  three  thou- 
f^^nd  years  ago,  Nat.  Hill.  by-BufFon,  Vc/1.- 
IX.  p.  17.  Smellie’s  Tranf.. 

H3- 
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they  are  prepared  in.  An  ingenious 
manufadturer  of  thefe  metallic  fub- 
ilanccs  might  wifh,  probably,  to  ac- 
quire fome  information  about  them, 
in  order  to  attempt  a domeftic  imita- 
tion of  them;  but  the  merchant  who 
imports  them,  feems  to  be  too  little 
interefted  in  the  fuccefs  of  his  endea- 
vours, to  take  much  pains  in  pro- 
curing for  him  the  requifite  informa- 
tion. Imitations,  however,  have  been 
made  of  them,  and  we  have  an  Eu- 
ropean tutenagy  and  an  European’ 
'■johite  copper*,  differing,  in  fome  qua- 
lities, from  thefe  which  are  brought 
from  Afia,  but  refembling  them  in  fo 

many 

• The  ingenious  Dr.  Higgins  has  been  ho- 
noured by  the  Society  for  the  Encouragement 
of  Arts,  &c.  with  a gold  medal  for  nxihite  cop- 
per made  with  Engliih  materials,  in  imitation 
of  that  brought  from  the  Eall  Indies.  His 
procefs  has  not,  I believe,  been  yet  made 
public.  Mem.  of  Agricul.  Vol.  III.  p.  459. 
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many  other,  that  they  have  acquTred* 
their  names.  Something  of  this  kind 
may  have  been  the  cafe  with  refpedt 
to  orichalcum,  and  the  moft  ancient 
Greeks  may  have  known  no  more  of 
the  manner  in  which  it  was  made, 
than  we  do  of  that  in  which  the  Chi- 
nefe  prepare  their  white  copper:  they 
may  have  had  too  an  imitation  of  the 
original,  and  their  authors  may  have 
often  miftaken  the  one  for  the  other, 
and  thus  have  introduced  an  uncer- 
tainty and  confufion  into  their  ac- 
counts of  it. 

There  is  as  little  agreement  amongft 
the  learned  concerning  the  etymology 
of  orichalcum,  as  concerning  its  ori^ 
gin.  Thofe  who  write  it  aurichalcunty 
fuppofe  that  it  is  an  hybridous  word, 
compofed  of  a Greek  term  fignifying 
copper,  and  a Latin  one  fignifying 
H 4 gold. 
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gold.  The  moft  general  opinion- 
that  it  ought  to  be  written  orkhakumy 
and  that  it  is  compounded  of  two 
Greek  words,  one  fignifying  copper, 
and  the  other  a mountain,,  and  that 
we  rightly  render  it  by.  Mountain 
Copper.  1 have  always  looked  upon 
this  as  a very  forced,  derivation,  inaf- 
much  as  we  do  not  thereby  dirtin- 
guifli  orichalcum  from  any  other 
kind. of  copper;  moft  copper  mines, 
in  every  part  of  the  world,,  being 
found  in  mountainous  countries.  If 
it  fhould  be  thought,  that  fome  one 
particular  mountain,,  either  in  Greece 
or  Afia,  formerly  produced  an  ore, 
which  being  fmelted  yielded  a copper 
of  the  colour  of  gold,  and  that  this 
copper  was  called  orichalcum,  or  the 
mountain  copper,  it  is  much  to  be 
wmndered  at,  that  neither  the  poets 

nor 


( I2I  ) 

nor  the  philofophers  of  antiquity  hav*? 
beftowed  a fingle  line  in  its  com- 
mendation ; for  as  to  the  Ail'antis  of 
PlatOt  before  mentioned,  no  one,  it 
is  conceived,  will  build  an  argument 
for  the  exiftence  of  natural  orichal- 
cum,  on  fuch  an  uncertain  founda- 
tion: and,  if  there  had  been  any  fuch 
mountain,  it  is  probable,  that  the 
copper  it  produced  would  have  re- 
tained its  name,  juft  as  at  this  time 
of  day  we  fpeak  of  Eclon  copper  in 
Staffordfliire,  and  of  Paris  mountaiu 
copper  in  Anglefey. 

Some  men  are  fond  of  etymologi- 
cal inquiries,  and  to  them  1 would 
fuggeft  a very  different  derivation  of 
orichalcum.  The  Hebrew  word  cr, 
aiir^  fignifies  lighE  fire,  fiame-,  the 
Latin  terms  uro  to  burn,  and  aurum 
gold,  arc  derived  from  it,  inalinuch 


as 
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as  gold  refembles  the  colour  of  flamed 
and  hence,  it  is  not  improbable,  that 
orichalcuni  may  be  compofed  of  an 
Hebrew,  and  a Greek  term,  and  that 
it  is  rightly  rendered,  flame-coloured 
copper.  In  confirmation  of  this  it 
may  be  obferved,  that  the  Latin  epi- 
thet lucidum^  and  the  Greek  one  (poetic 
vQVy  are  both  applied  to  orichalcum 
by  the  ancients;  but  I would  be  un- 
derftood  to  fubmit  this  conjedure, 
with  great  deference,  to  thofe  who- 
are  much  better  {killed,  t^an- 1 am,. 


in  etymological  learning,. 


ESSAY 


ESSAY  III. 


0/G  un-metal — Statuary-metal — 
Bell-metal — Pot-metah  and  Spe- 
£ulum-metal. 


Besides  brafs  there  are  many 
other  metallic  mixtures,  into 
which  copper  enters  as  the  principal 
ingredient  j the  moll:  remarkable  of 
thefe  are  gun-metal,  bell  metal,  pot- me- 
tal, and  fpeculum-metal. 

It  has  been  remarked  of  Qiieen 
Elizabeth,  that  Ihe  left  more  brafs 

ord- 
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ordnance  at  her  death,  than  flie  found 
of  iron  on  her  acceffion  to  the  throne. 
This  muft  not  be  underftood,  as  if 
gun-metal  was  in  her  time  made 
chiefly  of  brafs  j for  the  term  brafs» 
was  fometimes  ufed  to  denote  copper, 
and  fometimes  a compofition  of  iron, 
copper,  and  calamine,  was  called 
brafs,  and  we  at  this  day  commonly 
fpcak  of  brafs  cannon,  though  brafs 
does  not  enter  into  the  compofition 
ufed  for  the  cafting  of  cannon.  Al~ 
drovandus*  informs  us,  that  one  hun- 
dred pounds  weight  of  copper,  with 
twelve  of  tin,  made  gun-metal  \ and 
that,  if  inftead  of  twelve,  twenty 
pounds  weight  of  tin,  v/as  ufed,  the 
metal  became  bell-metal.  The  work- 
men were  accuftomed  to  call  this 
compofition,  metal  or  bronze^  accord- 
ing 


• Aldrov.  p.  ic8.. 
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ing  as  a greater  or  a lefs  proportion 
of  tin  had  been  ufed.  Some  indivi- 
duals, he  fays,  for  the  fake  of  cheap- 
nefs,  ufed  brafs  or  lead  inftead  of  tin, 
and  thus  formed  a kind  of  bronze  for 
various  works.  I do  not  know  whe- 
ther connoilTeurs  efteem  the  metal, 
of  which  the  ancients  cafl;  their  Jta- 
tues,  to  be  of  a quality  fuperior  to 
our  modern  bronze ; but  if  we  fiiould 
wilh  to  imitate  the  Romans  in  this 
point,  Pliny  has  enabled  us  to  do  it  •, 
for  he  has  told  us,  that  the  metal  for 
their  ftatues,  and  for  the  plates  on 
which  they  engraved  infcriptions, 
was  Gompofed  in  the  following  man- 
ner. They  firft  melted  a quantity 
of  copper;  into  the  melted  copper, 
they  put  a third  of  its  weight  of  old 
copper,  which  had  been  long  in  ufe ; 
to  every  hundred  pounds  weight  of 

this 
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i:his  mixture,  they  added  twelve 
pounds  and  an  half  of  a mixture, 
compol'ed  of  equal  parts  of  lead  and 
tin  *. 

In  Diego  Ufano's  Artillery,  pub- 
lifhed  in  1614,  we  have  an  account 
of  the  different  metallic  mixtures  then 
ufed  for  the  cafting  of  cannon,  by 
the  principal  gun-founders  in  Eu- 
rope. 

Copper  160 — 100— 100— 100  parts. 

Tin  10 — 20—  8 — 8 

Brafs  8 — 5 — 5 — o 

The  beft  poiTible  metallic  mixture 
-cannot  be  eafily  afeertained,  as  va- 
rious mixtures  may  anfwer  equally 
well  theTude  purpofe  to  which  ord- 
nance is  applied.  Some  mixtures, 
however,  are  unquetlionably  better 
adapted  to  this  purpofe  than  other, 

in 

* Hill.  Nat.  L.  XXXIV.  S.  XX. 
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in  fome  particular  points.  Of  two 
metallic  mixtures,  which  fhould  be' 
equally  ftrong,  the  lightell  would 
have  the  preference : at  the  laft  fiege 
of  Prague,  part  of  the  ordnance  of 
the  befiegers,  was  melted  by  the  fre  - 
quency  of  the  firing;  the  mixture  of 
which  it  was  made,  contained  a large 
portion  of  lead,  and  it  would  have 
been  lefs  prone  to  melt,  and  confe- 
■quently  preferable  had  it  contained 
none. 

Woolwich,  I believe,  is  the  only 
place  in  England,  where  there  is  a 
foundery  for  the  calling  of  brafs 
cannon.  The  metallic  compofitioa 
there  ufed,  confills  of  copper-Sind  tin. 
The  proportion,  in  which  thefe  two 
metals  are  combined,  is  not  always 
the  • fame,' <becaufe  the  copper  is  not 
always  of  equal  purity,  and  the  finell 
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copper  requires  the  moft  tin  : they 
fcldom  ufe  more  than  12,  or  lefs  than 
S parts  of  tin  to  every  roo  of  copper. 
This  metallic  mixture  is  fold,  before 
calling,  for  *1  ton,  and  Govern- 
ment pays  for  calling  it  60^^.  a ton. 
The  guns  of  the  Eajt  India  Company 
are  lefs  ornamented  than  thofe  of  Go- 
vernment, on  that  and  other  accounts 
they  are  call  for  40^.  a ton.  I have 
here  put  down  the  weights  of  the 
brafs  ordnance,  now  moll  generally 
in  ufe  as  call  at  Woolwich'. 

Weight  of  brafs  cannon  now  in  ufe. 

C.  q.  lb. 

42  pounders  - 61  210 

24  - - - 5100 

12  - - 29  o o ‘ 

6 - - - 19  o 0 

Thefe  were  on  board  the  Royal 
George  in  1780,  but  had  been  re- 

moved. 
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moved,:  I believe,  before  fhe  was 
loft. 


Battering  cannon. 


42  pounders  61 

2 

10 

32  - - 55 

2 

10  < . 

24,  - . 51 

0 

0 

18  - - 48 

0 

0 

12  - * 29 

0 

0 

9 - - 25 

0.. 

0 

6 , - ip 

Q 

O; 

Field  pieces. 

24  pounders  - 16 

3' 

13 

12  - - ■ 8 

3 

8 

6.-4 

3 

lO/ 

3 - - 2- 

3. 

10. 

Howitzers., 

1.0  inches  - 31 

2 

1 5^ 

.8  - - 12 

I 

16 

5^  ■ “ 4- 

0 

18 

VOL.  IV.  I..  Mortars,. 
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Mortars  (Land  Service).' 

25  'o  o 
10  2 8 • 

4 o 10 
I I o 
030 

* Mortars  (Sea  Service).  • 

13  inches  - 81  18 

io‘  - - 32  3 7 

In  calling  thefe  pieces  of  cannon,  they 
generally  make  the  thicknefs  of  the 
fides  near  the  muzzle  half  the  dia- 
meter of  the  fliot,  and  at  the  touch- 
hole,  or.  charging  cylinder,  three 
fourths  of  the.diameter.  Brafs  can- 
nons are  dearer  than  fuch  as  are  made 
of  ironj  and,  which  is  a difad- 
vantage,  they  give  a louder  report  at 
the  tirrre  of  explofion,  fo  as  to  occa- 
fipn  a tingling  in  the  ears  of  the  per- 


13, inches 
<10 
8 

5i  ‘ - ■ 

4^■  " 
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fens  on  fiiipboard,  which  takes  away 
ffor  a time  the  faculty  of  hearing. 

Cannon  might  be  caft  of  copper 
aione;  but  the  mixture  of  tin  and 
copper  is  harder  and  denfer,  and  lefs 
liable  to  'ruft  than  pure  copper  is, 
and  upon  thefe  accounts  it  is  prefer- 
able to  copper.  Tin  melts  with  a 
fmall  degree  of  heat,  copper  requires 
a very  great  heat  to  melt  it}  a mix- 
ture of  copper  and  tin  melts  much 
eafier  than  pure  copper,  and  upon 
this’  account  alfo,  a mixture  of  cop- 
per and  tin  is  preferred  to  pure  cop- 
per, not  only  for  the  calling  of  can- 
non, but  of  ftatues,  &c.-,  for  pure 
copper,  in  running  through  the  va- 
rious parts  of  the  moulds,  would  lofe 
fo  much  of  its  heat  as  to  fet  before  it 
ought  to  do. 

Bell- metal  confifts  alfo  of  tin  and , 
12 
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copper.  Authors  do  not  agree  in 
the  proportions ; fome  ordering  i part 
of  tin  to  be  melted  with  4 parts  of 
copper*;  others  making  ihe  pro- 
portion for  bell-metal  to  be  the  fame 
as  that  for  gun-metal,  or  i part  of 
tin  to  about  10  parts  of  copper,  to 
v/hich  they  order  a little  brafs  to  be 
added -f.  It  may  in  general  be  ob- 
ferved,  that  a lefs  proportion  of  tin 
is  uled  for  making  church  bells  than 
clock  bells,  and  that  they  add  a lit- 
tle zinc  for  the  bells  of  repeating 
watches,  and  other  fmall  bells.  This 
zinc  becomes  manifeft  on  melting 
thefe  bells,  by  the  blue  flame  which 
it  exhibits. 

There 

♦ Pemb.  Chem.  p,  321. 

f Waller.  Miner.  Vol.  II.  p.  242.  New# 
Chem.  by  Lewis,  p.  66.  Macq.  Chem.  VoL. 
I*  p.  70.  Eng.  Tranf. 
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•There  is  a very  remarkable  expe* 
•'rimenc  mentioned  by  Glauber  — ■ 

“ Make,”  fays  he,  “ two  balls  of  cop- 
per, and  two  of  pure  tin  not  mixed 
with  lead,  of  one  and  the  fame  form 
and  quantity,  the  weight  of  which 
balls  obferve  exadlly;  which  done, 
again  melt  the  aforefaid  balls  or  bul- 
lets into  one,  and  firft  the  copper,  to 
which  melted  add  the  tin,  left  much 
‘tin  evaporate  in  the  melting,  and 
iprefently  pour  out  the  mixture  melt- 
•ed  into  the  mould  of  the  firft  balls, 
and  there  will  not  come  forth  four, 
nor  fcarce’ three  balls,  the  weight  of 
‘the  four  balls  being  referved.”  This 
'fubjeft'  has  been  profecuted  lince 
‘Glauber’s  time -f,  and  it  has  been  dif- 

covered, 

* Glauber’s  Works,  fol.  Ed.  1689.  p.  81. 

,f  Gellert’s  Chy.  Metal.  & Cheni.  Dift, 
‘■art.  Allay, 
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covered',,  that  when,  metallic  rtil> 
■fiances  are  melted  together,  it  feldom 
happens  that  a cubic  inch  of  each  of 
the  two  ingredients,  will  form  a mafs; 
exadlly  >equal  to  two  cubic  inches-; 
the  mixture  will  in  fome  inftances  be 
greater,  and  in-  other  lefs  than  two 
cubic  inches.  In  the  inftance  of  tin 
‘and  copper,  where  the  bulk  of  the 
mixture  is  fo  much  lefs  than  the  fum- 
of  the  bulks  of  the  two  component 
parts,  it  might  be  expefled  that.-thc 
compound  metal  would  pofiefs  pro- 
perties, not  merely  intermediate  be- 
tween thofe  of  copper  and  tin,  but 
eflcntially  different  from  them  both,. 
And  accordingly  we  find,  that  this 
mixture  is  not  only  rnore  brittle, 
more  hard,  and  more  fonorous,  than- 
either  copper  or  tin;!  but  it.  is  more 
^ienfe  alfo^ ' than  cither  of  than;- 'a 
. " .(I  cubic 
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cubic  foot  of  it  weighing,  riot  only 
more  than  a cubic  foot, of  tin,-  but 
than  a cubic  foot  of  copper  itfelf.  . 

Pot-metal  is  made  of  copper  and 
lead,  the  ‘lead  being  o.ne  fourth  or 
one  fifth  the  weight  of  the  copper. 
In  Pliny’s  time- pot-metal  {pllaria  tem- 
feratura)  v/as  made  of  a pound  and 
an  half  or  two  pounds  of  lead,  and 
an  equal  portion  of  tin,  mixed  with 
too  parts  of  copper.  Copper  and 
lead  feem  not  to  be  combined  toee- 
thcr  in  the  fame  way  that  copper  and 
tin  are,  for  when  pot-metal  is  expofed 
to  a melting  heat,  the  lead  is  firfl: 
fufed,  and  Qaews  itfelf  in  little  drops 
.over  the  furface  of  the  pot-metal, 
wliilft  the  copper  remains  unfiifed. 

It  is  reported  of  Jams  II.  that  he 
melted  down  and  coined  all  the  brafs 
guns  in  Ireland,  and  afterwards  pro- 
. ■■  ceeded 
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ceeded  to  coin  the  pewter  with  this 
infcription  — Melioris  tejfera  fad.  — 
The  Congrefs  in  America  had  recourfe 
to  the  fame  expedient ; they  coined 
feveral  pieces  of  about  an  inch  and 
half  in  diameter,  and  of  240  grains  in 
-weight  i on  one  fide  of  which  was 
inferibed  in  a circular  ring  near  the 
edge  — Condnental  Currency.,  1776  — 
and  within  the  ring  a riling  fun,  with 
— fugio  — at  the  fide  of  it,  fhining 
upon  a dial,  under  which  was— M-W 
your  bufinefs.— On  the  reverfe  were 
thirteen  fmall  circles  joined  together 
like  the  rings  of  a chain,  on  each  of 
which  was  inferibed  the  name  of  fome 
■ one  of  the  thirteen  ftates;  on  an- 
other circular  ring,  within  thefe,  was 
.\nicx\hQA— American  Congrefs— Xind  in 
the  central  fpace  — We  are  One.  — I 
.have  been  particular  in  4he  mention 

= «of 
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-of  this  piece  of  money,  becaufe  like 
the  leaden  money  which  was  (truck 
at  Vienna^  when  that  city  was  befieged 
by  the  Turks  in  1529,  it  will  foon 
become  a.  great  curiofity.  I efti- 
mated  the  weight  of  a cubic  foot  of 
this  Continental  currency,  it  was 
equal  to  7440  ounces : this  exceeds 
.the  weight  of  a cubic  foot  of  our  belt 
fort  of  pewter,  and  falls  fhort  of  that 
of  our  word  *,  I conjedture  that  the 
metal  of  the  Continental  currency 
-confifted  of  12  parts  of  tin  and  of  .1 
of  lead.  Plautus  *,  and  other  Roman 
-authors,  make  mention  of  leaden 
money  ; I'ome  are  of  opinion  that  we 
ought  to  underftand  by  thatexprelTion, 

cop- 

* Tace  fis,  faber,  qui  cudere  foies  plum- 
beos  nutnmos.  Plan.  Mof.  A.  IV.  S.  II.  L. 
xr,  ,et  Cafin,,  A.  II.  S..  HI.  L.  XL.  ■«  Mart. 
•L,  X.  E.  LXXIV. 


•(  '38  ) 

copper  mixed  with  lead;  btit  that 
cannot  be  the  meaning,  if  ii-be*true, 
that  the  Romans  did  not  mix  lead 
with  their  copper  currency  till  the 
■ age  of  Septimius  Severos,  for  Plau- 
tus lived  many  years  before  thafem- 
peror.  I will  not  enter  into  the  con- 
troverfy,  and  I have  introduced  this 
obfervation  relative  to  the  leaden 
: money  of  the  Romans,  merely  to  fhew 
the  correfpondence,  which  fome  of 
the  Roman  copper  medals  bore  to 
our  pot-metal ; for  thofe  which  were 
ftruck  after  the  age  of  Septimius  Sevc- 
rus,  being  expofed  to  a proper  de- 
gree of  heat,  fweat  out  drops  of  lead, 
as  it  has  been  remarked  our  pot-metal 
does : but  medals  of  greater  antiquity 
have  no  fuch  property*. 

The 

• llH  enim  «jai  ftuidiihoius  ainore  teuentur, 

' caia 
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• TPi€  (ex  have  in  all  ages  ufed  fomc- 
contrivance  or  other  to  enable  them 
*0  fet  off  their  drefs  to  the  beft'  ad- 
vantage ; and  the  men  were  probably 
never  without  their  attention  to  that 
point.  We  find  Jmenal’'^  fatirizing 
the  emperor  Otfio  for  making  a fpg- 
iulum  part  of  his  camp  equipage. 

Re£  memoranda  novis  annalibus,  atque  recent! 
fj^culum  civilis  farcina  belli. 

Homer,  in  deferibing  7««yat  her  toi- 
let f,,  makes  no  mention  of  a fpecu- 

lum  v 

cum  monetam  asream-  ante  Septimium  Seve- 
rum  cufam  igne  probent  nihil  plumbi  inde 
fecerni  deprehendunt.  Aliter.autem  compa- 
,rata  funt  numifmata  poll  aetatem- Severi  cufa, 
quippe  ex  quibus  guttulae  quaidam  plumbi, 
vel  modico  ignis' calore  diverfis  in.  locis  ex- 
primuntut.  Savot  de  Nuni;  Ant.  P.  11.  C.  !«. 
TKefe  pot- metal  medals  were  probably  cafi;, 

• Sat,  II.  1.  102.  

t iIl.  XIV.  1.  I70i- 
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-luni ; but  in  Callimachus  * we  Tee, 
though  it  fuiced  not  the  majcik’ 
of  Juno,  nor  the  vvil'dom  of  Pallas  to 
ufe  a fpeculum  before  they  cxhibite'l 
their  perfons  to  Paris^  who  was  to  de- 
termine the  prize  of  beauty;  that/>- 
uus, on  the  fameoccafion,  had  frequent 
recourfe  to  one,  before  (he  could  ad- 
jud  her  locks  to  her  own  latisfaidion. 
The  mod  ancient  account  we  have 
of  the  ufe  of  ipecula  is  that  in  Exv~ 
dus  (xxxviii.  8.)  “ And  he  made  tlie 
laver'of  bral's  [copper,  or  a mixture 
of  copper  and  tin]  and  the  foot  of  it 
of  brafs  of  the  looking  glajfes  of  the 
women.”  The  lingliih  reader  may 
wonder  how  a velfel  of  brafs  could 
be  made  out  of  looking  glajfes,  the 
Hebrew  word  might  properly  be 
■rendered  by  fpccula,  or  metallic  mirrors. 

d'he 

• Hym.  in  Lavac.  Pallad. 
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THe  JevjiJh  women  were,  probably,. 
preferred  with  thefc  mirrors,  as  they 
were  with  other  articles  of  value  by 
thtiv  Egyptian  neighbours,  when  they 
left  the  country ; for  it  was  the  cuf- 
tom  of  the  Egyptians,  when  they 
went  to  their  temples,  to  carry  a mir- 
ror in  their  left  hand  * : it  is  remark- 
able, that  the  Peruvians,  who  had  fo 
riiany  cuftoms  in  common  with  the- 
Egyptians,  were-  very  fond  alfo  of 
mirrors which  they  ordinarily  form- 
ed of  a fort  of  lava  that  bore  a fine  • 
polifh.  . 

Pliny  fays,  that  the  beft  fpecula 
were  anciently  made  at  Brtindufnim  of 
copper  and  tin ; -that  Praxiteles,  in 
the  time  of  Pompey  the  Great,  was  the 
firffc  who  made  one  of  filver,  but  that' 

filver 

* Cyril,  de  Ado. . 

+ Hift.  Nat.  L.  XXXIII.  S.  XLV; 
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filver  ones  were  in  his  time'  become 
fo  common,  that  they  were  ufed  even 
by.  the.  maid  fervanis.  The  metallic 
mixture  of  tin  and  copper  was 
known  Jong  before  the  age  of  Pliny  j 
it  is  mentioned  by  Arilfotlc  *,  inci- 
dentally, when  he  is  deferibing  a me- 
thod of  rendering  copper  white,  but 
not  by  tin ; and  from  its  great  uti- 
lity, it  will  probably  never  fall  into 
difufe.  We  have  ceafed,  indeed, 
fince  the  introdudion  of  glafs  mir- 
rors, to  ufe  it  in  the  way  the  anci- 
ents did } but  it  is  ftill  of  great  ufe 
amongft  us,  fince  the  fpecula  of  re- 
flcfling  telefcopes  are  commonly 
made  of  it.  Mr.  Muige  has  afccr- 
tainedf,  not  only  the.bcft  .proportion 
in  which  the  copper  and' tin  Ihould 

• De  MIrab.  ' • 

PbiW.  Tranf  1777.  p.  *96. 
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be  mixed  together,  but  has  found  out 
^llb  a method  of  calling  the  fpecula 
without  pores.  He  obferves,  that 
the  perfedtion  of  the  metal,  of  which 
the  fpeculum  fhould  be  made,  con- 
fifts  in  its  hardnefs,  whitenefs,  and. 
compadlnefs.  When  the  quantity  of 
tin  is  a third  of  the  whole  compofi- 
tion,  the  metal  then  has  its  utmoft 
whitenefs ; but  it  is  at  the  fame  time 
rendered  fo  hard  that  it  cannot  be 
polifhed  without  having  its  furface 
fplintered  and  broke  up.  After 
many  experiments,  he  at  length  found 
that  fourteen  ounces  and  one  half  of 
grain-tin  *,  and  two  pounds  of  cop- 
per 

• Grain-tin  is  worth  ten  or  twelve  fhil-i 
Kngs  per  hundred  more  than  mine  tin,  be- 
caufe  it  is  fmelted  from  a pure  mineral  by  a 
charcoal  fire ; whereas  mine  tin  is  ufually  cor- 
rupted with  fome  portion  of  mundick,  and 

othex 
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per  made  the  befb  cbmpofition ; an- 
addition  of  half  an  ounce  more  tin 
rendered  the  compofnion  too  hard 
to  be  properly  poliflied.'  The  calling 
the  metal  fo  as  that  it  may  be  corn- 
pad  and  without  pores,  is  a matter 
of  the  greatefl:  confequence;  he  hit 
upon  the  manner  of  doing  it  by  ac- 
cident. His  ufual  way  of  calling  a 
fpeculum  metal,  was  to  melt  the  cop- 
per and  to  add  the  tin  to  the  melted 
copper;  the  mafs  when  call  was  fel- 
dom  free  from  pores.  After  having 
ufed  all  his  copper  in  trying  experi-i* 

ments  to  remedy  this  defed,  he  re- 

. col-leded 

other  minerals,  and  is  always  fmelted  with  a 
bituminous  fire,  which  communicates  a harflr, 
fulphureous,  injurious  quality  to  the  metal.” 
Pryce,  Min.  Cornu,  p.  137. — Mr.  Mudge 
probably  ufed  what  is  called  grain  tin  in  the-- 
Ihops,  or  the  'pureft  fort,  which  is  ufoally. 
fold.in  pieces  like  icicles. 
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colledled  that  he  had  fome  metal 
which  had  been  referved,  when  one 
of  the  bells  of  St.  Andrew  had  been 
re  caft:  he  added  a little  frefh  tin  to 
it,  and  calling  a metal  with  it,  it 
turned  out  free  from  pores,  and  in  all, 
refpefts  as  fine  a metal  as  he  ever 
■faw.  Upon  confidering  this  circum- 
ftance,  he  proceeded  to  form  a me- 
■taliic  mafs  i-ii  the  tifual  way,  by  add- 
ing tin  to  melted  copper,  this  mafs 
was  porous,  it  was  in  the  (late  of  the 
■bell-metal  he  had  tried,  and  upon  re- 
melting  it,  it  became,  as  the  bell- 
metal 'had  done,  compaft  and  free 
■from  pores.  He  accounts  for  this 
'difference-  by  obicrving,  that  the  heat 
■r.ecelfary  to  melt  copper,  calcines 
•part  of  the  tin,  and  the  earthy  cal- 
cined particles  of  the  tin,  being  mix- 
■•^d  in. the  mafs  of  the  metal,  render  it 
K , porous, 
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■porous,  but  the  compofition  of  tin 
and  copper,  melting  with  lefs  than 
half  the  heat  requifite  to  melt  the 
•copper,  the  tin  is  not  liable  to  be 
■ calcined  in  the  fecond  melting,  as  in 
the  firft.  1 am  ■ rather  dijfpofed  to 
think,  that  the- abfence  of  the  pores 
is  to  be  attributed  to  the  more,  perfect 
jufion  of  the  metal:  for  I have  ob- 
ferved  at  Sheffield,  that  the  fame 
•weight  of  melted  fteel,  will  fill  the 
•fame  mould  to  a greater  or  lefs  height, 
• according-  to  the  degree  of  fufion  the 


Heel  has  been  in;  if  it  has  been  in  a 
iftrong  heat,  and  thin  fufion,  the  bar 
of  call  fteel  will  be  an  inch  in  36 
■fhorter  than  when  the  fufion  has  been 
lefs  perfcbl.  Upon  breaking  one  of 
the  bars,  which  had  been  made  from 
fteel  in  an  imperfedt  fufion,  its  infide 
•was  full  of  blebs;  a fliorter  bar  of  the 
'*  fame 
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■ffame  weight  and  diameter,  which  had 
' been  in  a thin  fufion,  was  of  a clofer 
'^texture.  Now  the  mixture  of  tin 
■and  copper  melts  far  eafier  than  cop- 
.'per  does,  and  is  likely  on  that  ac-' 

- count,  to  be  in  a thinner  fufion  when 
-it  is  call. 

It  may  deferve  to  be  remarked,  and 
' 1 fhall  have  no  other  opportunity  of 
doing  it,  that  the  melting  or  calling 
of  heel  was  introduced  at  Shefheld, 
about  forty  years  ago,  by  one  TVaUer 
from  London,  and  was  afterwards 
-much  pradlifed  by  one  Htiniffuaju 
from  whom  heel  fo  prepared,  ac- 
quired the  name  of  Jlmt/man' s caft 
' jhel.  It  was  at  firft  fold  for  fourteen 
. oence,  but  may  now  be  had  tor  ten- 
pence  a pound  ; it  cods  three-pence 
-a-  pound  in  being  melted,  and  for 

- drawing;  inMts  of  cafi;  fteel  into  bare 
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of  fhe  fize  of  rafors,  they  pay  onl^jr 
fix  millings  for  a hundred  weight, 
and  ten  {hillings  for  the  fame  quan- 
tity when  they  make  'the  bars  into 
a fize  fit  for  fmall  files,  &c.  The 
call  fteel'will  not  bear  more  than  a 
-red  heat,  in  a welding  heat  it  runs 
away  under  the  hammer  like  fand. 
■Before  the  art  of  calling  fteel  was 
introduced  at  Sheffield,  all  the  cafl; 
ileel  ufed  -in  the  kingdom  veas 
•brought  from  Germany;  the  bufi- 
mefs  is  'carried  on  at  Sheffield  with 
greater  advantage,  than  at  moft  other 
places,  for  their  manufaftures  furnifh 
them  with  great  abundance  of  broken 
tools,  and  thefe  bits  of  old 'fteel  they 
purchafe  at  a penny  a pound  and 
melt  them,  and  oh  that  account  tli’^y 
can  affoti-'t^ieir  call  fteel  cheaper 
•than  whore  ft  is  made  akogefHer  from 
freih  bars  of  fteel. 

ESSAY 
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Qf  Winning  C&pper — T’iit — Pewter^  • 


UNH  A PEILY  for  mankind,  the 
fatal,  accidents  attending  the  ufe 
o£,.copper  vcfTcls,  in  the  preparation! 
of.  food  and  phyfick,  are  too  com-- 
nion,.and  too  well  attcfted  to  require- 
a>  particular  enumeration  or  proof: 
fe^arce  a year  palTes,.  but,  we  hear  of 
fome  of  them,,  efpecially  in  foreign! 
countries ; and  many  (lighter  mala- 
dies,,, originating  from-  the  fame 
K 3,  f ^ fources,, 
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fource,  daily  efcape  obfervation,  or 
are  referred  to  other  caufes  in  our 
own. 

In  conff-quence  of  fome  reprefen- 
tations  from  the  College  of  Health,  the 
ufe  of  copter  vefiTcls  in  the  fleets  and 
armies  of  Sweden  was  abolillicd  in  the 
year  1754;  and  tinned  iron  was  or- 
dered to  be  fubfti luted  in  their 
ftead  *.  Tlie  Swedilh  governmenc 
deferves  the  greater  commendation 
for  this  proceeding,  as  they  have 
great  plenty  of  excellent  copper  in 
the  mines  of  that  country,  but  no 
tin.  An  intelligent  furgeon  fuggeft- 
ed,  in  1757,  the  probability  of  the 
ufe  of  copper  veflcls  in  the  navy,  be- 
ina:  one  of  the  caufes  of  the  fea 
feurvy,  and  recommended  the  having 
1 them 

• Mem.  de  1’  Acad,  de  PrulTe  par  M.Paul.^ 
Vol.  IV.  Dif.Prel.  p.  63. 
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them 'changed  for  vefTels  of  iron  he 
remarked,'  that  of  the  200  fail  of 
ihips  which  went  to  Tea  from  Scar- 
borough^ moft  of  them  ufed  iron  po:s 
for  boiling  their  viftoals,  and  that 
the  fymptoms  called  highly  fccrbutic,. 
were  never  iecn,  except  in  Tome  few 
of  the  larger  flips  in  which  copper 
vefTels  were  ufed  Notwithlfand- 
ing  this  hint,  and  the  example  of 
Sweden,  I do  not  know  that  any 
other  European  ftate  has  prohibited 
the  ufe  of  copper  vefiels  for  the 
dreffing  of  food  on  board  their  fliips-, 
but  many  of  them  have  fhewn  a 
laudable  attention  to 'prevent  its  ma- 
lignity-, by  inquiring  into  the  bell 
manner  of  covering  its  furface  with 
fome  metallic  fubftance.  Id’s  noxious, 

or 

• Medical  Obferv.  by  a Society  of  Pliy, 
ia  Load.  Vol.  II.  p.  ! . 
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or  iels  liable  to  be  diflblved  that)  fr- 
felf.  This  operation  is  ufually  called. 
timings  becaufe  tin  is  the  principal, 
ingredient  in  the  metallic  mixture,, 
which  is  made  ufe  of  for  that  pur- 
pofc  ^ andj.-sindeed,  fince  the  year. 
1755,  it  has  been  frequently,  in  this, 
country  at  lead,  ufed  alone.  In  that 
year,  "The  Society  for  the  Encouragement, 
of  Arts.,  ManufaSlures  and  CammercCy 
thought  it  an  objedt  dcferving  their, 
attention,  to  offer  a premium  for  the 
tinning  copper  and  brafs  velTels  with, 
pure  tin,  without  lead  or  any  other 
alloy.  There  were  feveral  candidates 
for  the  premium-,  and  fince  that 
time,  the  tinning  with  pure  tin,  and 
hammering  it  upon  the  copper,  has 
become  very  general  in  England. 
But  this  mode  of  tinning  does  not 
appear  "to,  have  been  known, -or  at 

lead 


( ‘53  )' 

fcaft  it  does  not  appear  to  have  beeni. 
adopted  in  other  countries;  for  in. 
tJie  Memoirs  of  the  Royal,  Academy, 
at  Brujfeh.,  for.  the  ye^r  1780,  M.. 

Abbe  Marci  recommends,  as  a new. 
pradtice,  the.  tinning  with  pure  block-; 
tin  horn  England;  though,,  he  fays,, 
block-tin  is  a compound  body,  even, 
as  it.  is  imported  from  England;  but: 
he  thinks  it  a much  fafer  covering, 
for  copper  than  what  is  ordinarily 
ufed  by.  the  braziers ; and  he  gives^ 
fome  diredlions  as  to  the  manner  of 
performing  the  operation.  Tlie  Lieur- 
tenant:  General  of  the  Police  in  Paris,, 
gave  it  in  conimiffion  to  the  College, 
of  Pharmacy,  in  1781,  to  make  all. 
the  ex.periments  which  might  be  ne- 
ceflar.y  for  determining  — whether, 
pure  tin  might  or  might,  not  be  ufed. 
for  domellic  purpofe.s,  without  daiir 

ger 
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ger  to  health  ? The  refearches  which 
were  made,  in  confcquence  of  this 
commilTion,  by  MefTieurs  Charland 
and  Bayen  with  great  ability,  were 
publifned  by  order  of  the  French  go- 
vernment ; and  they  have  greatly 
contributed  to  lefTen  the  apprehen- 
fions  relative  to  the  ufe  of  tin,  which 
had  been  generally  excited  by  the- 
experiments  of  Marggr(\f^  publifhed 
firlt  in  the  Berlin  Memoirs  for  1747. 
That  gentleman,  in  purfuing  an  ex- 
periment of  Henckel,  who  firll  difeo- 
vered  arfenic  in  tin,  ihewed,  that, 
though  there  was  a fort  of  tin,  which 
being  fluxed  from  an  ore  of  a parti- 
cular kind,  contained  ' no  arfenic, 
the  Eajl  India  tin,,  which  is  ge- 
nerally efteemed  the  pureft  of  al4 
others,  contained  a great  deal  of  aiTe- 
nio.  M,  Bofc  d'  Jntic  in  his  works,' 
7 which 
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w-hich  w-ere  pOblifhed  at  Paris,  lySb, 
fets  afide  the  authority  of  Marggraf,. 
£ramer,  and  relative  to  the  ex- 

irtence  of  arfenic  in  tin  •,  and  is  not 
only  of  opinion,  that  the  Corni/Ji  tin 
does  not  conceal  any  arfcnic  in  its 
fubftanoe,  but  that  its  ufe  as  kitchen  ^ 
furniture  is  not  dangerous.  Mcfileurs 
Charland  and  Bayen  found  that  nei- 
ther Eajl  India^  nor  the  pureft  Ibrt  of 
Englijh  tin,  con-cained  any  arfcnic-, 
but  that  the  Englifli  tin,  ufuaiiy  met 
with  in  commerce,  did  contain  arfe- 
nic;  though  in  fo  fmall  a proportion 
that  it  did  not  amount,  in  that  fpe- 
cies  of  tin  which  contained  the  molt 
of  it,  to  more  than  one  grain  in  an 
ounce;  that  is,  it  did  not  conrtitutc 
mere  than  one  five-hundredth  and 
feventy-fixth  part  of  the  weight  of 
the  tin,  there  being  576  grains  in  3, 

. < French 
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Ftencli  ounce.  This  proportion  of. 
arfenic  is  fo  wholly  inconfiderable, 
that  it  is  very  properly  concluded, 
tJrat  the  internal  ufe  of  fuch-  fmall 
portions  of  tin,  as  can, mix  themfclves 
with^  our  food,  from  being  prepared 
in  tinned  vellels,.  can  be  in  no  fenfible 
degree  dangerous  on  account  of  the 
arfenic  which  the  tin  may  contain.. 
But  though  tin.  may  not  be  noxious, 
bn  account  of  the  arfenic  which  it, 
holds,  it  ftill  remains  to  be  decided,, 
whether  it,  may,  not  be  poifonous  of 
icfelf;  as  lead  is  univerfally  allovv^ed. 
to  be,,  when  taken  into  the  ftomach.i. 
The  large  q.uantities  of  tin,  whichi 
are  fometimes  given  in  medicine  with, 
much  fafety,.  and;  the*-  conftant  ufe 
which  our  anceftors.  made  of  it  in< 
plates,  and  dilhes,  before  the  intro- 
dudion-  of  china  or.  ocher  earthen 

■ ware,. 
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’■ware,  without  experiencing  any  mif- 
•ehief,  render  all  other  proof  of  the 
innocent  nature’ of  pure  tin  fuper- 
‘fluous.  And  hence  it  may  be  proper 
to  add  a few  obfervations  concerning 
'the  purity  of  tin. 

The  ores  of  metallic  fubftances, 
often  contain  more  fubftances  than 
that  particular  one,  from  which  they 
receive  their  denomination.  Filer 
of  Berlin,  had  in  his  colleaion  an 
ore,  which  contained  gold,  and/ilver, 
and  iron,  and  ^uickjilver,  clofely  united 
together  in  the  fame  maft.  Lead 
pre,  it  has  been  remarked,  fo  often 
■contains  filver,  that  it  is  feldom 
found  without  it  ; it  is  often  alfo 
mixed  with  a fulphureous  pyrites, 
which  is  a fort  of  iron  ore,  and  v/ith 
blackjack,  which  is  an  ore  of  anc  ; 
'fo  that  lead,  and  ftlver,  and  iron,  and 

zinc. 


( *5^  ) 

• sr/w,  are  commonly  enough  to  be 
met  with  'in  the  fame  lump  of  lead 
ore.  Tin  ore,  in  like  manner,  thoufrh 

• it  is  fometimes  unmixed,  is  often 
otherwife ; it  frequently  contain-s 
both  tin,  and  iron,  and  copper.  I'he 
fire  with  which  tin  ore  is  fmelted,  is 

.'fufficiently  ftrong  to  fmelt  tlic  ores 
of  the  other  metals  which  are  mixed 
'-with.it;  and  hence  the  reader  may 
' iinderftand,  that,  without  any  frau- 
-clulent  proceeding  in  the  tin  fmeher, 
' there  may  .be  a variety  in  the  purity 
■ of  tin,  which  is  expofed  to  fitie  in 
the  fame  country;  and  this  variety  is 
flill  more  likely  to  take  place,  in 
fpecimens  of  tin  from  different 
countries,  as  from  the  Eaji  In» 
dies,  from  Englancl,  and  from  Ger- 
• ■mav.y.  This,  natural  variety  in 

tJie  purty  of  tin,  though  fuff- 

cie.ntlv 
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ciendy  difcernible,  is  far  lefs  than 
that  which  is  fraudulently  intro- 
duced. Tin’ is  above  five  , times  as 
dear  as  lead;  and  as-  a mixture  con- 
fifting.of  a- large  portion  of  tin  with 
a fmall  one  of  lead,  cannot  eafily  be 
diftinguifhed  from  a oafs  of  pure 
tin;  the  temptation  to  adulterate  tin 
is  great,  and  the  fear  of  deteclion 
fmall.  In  Cormvall^  the  purity  of  tin 
is  afcertained,  before  it  is  expofed  to 
fale,  by  what  is  called  its  coinage;  the 
tin,  when  fmelted  from  the  ore,  is 
poured  into  quadrangular  moulds  of 
ftone,  containing  about  ,320  pounds 
weight  of  metal,  which,  when  har- 
dened, is  called  n liiock  oi  tin;  each 
block  of  tin  is  coined-  in  the  follow- 
ing manner:-— “ the  officers  appoint- 
ed by  the  Duke-of  Cornwall,  affay  it, 
-by  taking  off- a piece  of  one  of  the 

' under 
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tinder  corners  of  the -block,  partly 
by  cutting  and  partly  by  breaking; 
and  if  well  purified,  they  (lamp  the 
face  of  the  block  with  the  impreffion 
of  the  feal  of  the  Duchy,  tvhich 
ftamp  is  a permifTion  for  the  owner  to 
•fell,  and  at  the  fame  time  an  afTura'nce 
that  the  tin  fo  marked  has  been  pur- 
pofcly  examined,  and  found  mer- 
chantable 'I'his  rude  mode  of 
affay,  is  not  wholly  improper,  for  if 
the  tin  be  niixed  with  lead,  the  lead 
will  by  its  fuperior  w'eight  fink  to  the 
bottom,  and  thus  be  liable  to  be  dif- 
■covered,  when  the  bottom  corner  of 
the  block  is  examined.  -But  though 
-the  feal  of  the  Duchy  may  be  fome 
■fecurity  to  the  original  purchafers  of 
•block  tin,  it  can  be  none  at  all  to 
thofe  foreigners  who  purchafe  our  tin 

from 

• BorJafe’s  Nat.  Hift.  of  Corn.  p.  183. 
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from  Holland-,  for,  if  we  may  believe- 
an  author  of  great  note,  — “ in  Hoi-  • 
land  every  tin  founder  has  Engliih, 
ftamps,  and  whatever  his  tin  be,  the 
infcription,  block  tin,  makes  it  pafs 
for  Engiifh  This  foreign  adul- 
teration’of  Englifli  tin  may  be  the' 
reafon  that  MuffcJienhroeck,  who  was 
many  years  Profeffor  of  Natural  Fhi- 
lofophy  at  Utretch,  puts  the  fpecific 
gravity  of  what  he  calls  pure  tin 
equal  to  7320,  but  that  of  Englifn 
tin,  and  'he  has  been  followed  b\' 
0i^allefhis.,  equal  to  747  i-f-;  for  if 

will 

, * Newman’s  Chem.  by  Lewis,  p.  89. 

f MufTchen.  EfT.  de  PhyC  1739.  French. 
T ra n C W a 1 1 eri i . Pyl i n . ol . 1 . p / 15 

There  is  awrcy  ggod  Table  of  Specific  Gra- 
vities, publiHied  in  the  fccond  volume  of 
MulTchen brock’s  lutrodiidiQ . ad  Phil'fophiam 
Naiurah?7i^  which  the  author  doca 
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v?ill  appear  prefently,  that  fuch  forf 

of  tin  muft*  have  contained  near  one 

tenth  of  its  weight  of  lead. 

» 

Weight  of  a cubic  foot  of  Englifli 
tin,  according  to  different  authors. 

Cotes,  Fergufon,  Emerfon  7320oz.avoir. 
Boerhaave’s  Chem.  by  Shaw  7321 
■MufTchenbroeck  & Wallerius  7471 
Martin  - 7550 

From  the  following  experiments  it 
may  appear  probable,  that  not  one  of 
thefe  authors,  in  eftimating  the  fpe- 
cific  gravity  of  tin,  has  ul'ed  the 
pureft  fort,  but  rather  a mixture  of 
that  with  lead,  or  fome  other  metal. 

'A 

more  juftice  to  Engllih  tin,  putting  the 
weight  of  a cubic  foot  of  the  pureft  fort  equal 
to  7295  avoir,  oun.  One  fpecimen  of  the 
pureil  fort  of  Malacca  tin  gave  7331,  and  an- 
other 6125  ounces  a cubic  foot,  which  is  the 
lighteft  of  all  the  tins  which  he  examined^ 
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. A block,  of  tin,  when  it  is  heated 
, till  it  is  near  melting,  or  after  being 
melted,  and  before  it  becomes  quite 
‘iixed,  is  fo  brittle  that  it  may  be 
fhattefed  into  a great  many  long 
•pieces  like  icicle.s,  by  a fmart  blow 
•of  an  hammer*:  tin  in  this  form  is 
called  By  our  own  manufafturers 
.grain  tin^  by  foreigners  xirgin  tin,  or 
■ tears  of  tin:  and  they  tell  us,  that  its 
exportation  from  Britain  is  prohibit- 
-ed  under  pain  of  death -j'.  I'he  tin, 

which 

: ■ This  property  is  not  peculiar  to  tin,  I 
'have  feen.^mafTes  .of  lead  which,  under  'iiinilar 
• circumftances,  exhibited  fimilar  appearances, 
and  it  has  been  obferved,  that  zinc,  when 
heated  till  it  is  juil  ready  to  be  fufed,  is 
'brittle. 

' f.  Eney  Fran,  and  Mr.  Baiiine  calls  it 
4tain  en  roche>a  caufe  qlie  fa  forme  rdemblc 

:lz  i 


( i64  ) 

which  I ufed  in  the  following  expe- 
riments, was  of  this  fort,  but  I firft 
melted  it,  and  let  it  cool  gradually  ; 
a circumllance,  I fufped,  of  fomc 
confequence  in  determining  the  fpe- 
cific  gravity  not  only  of  tin,  but  of 
other  metals.  I have  put  down  in 
the  following  table,  the  fpecihe  gra- 
vity of  this  tin,  and  of  the  lead  I 
mixed  with  it  by  fufion,  and  of  the 
feveral.  mixtures  when  quite  cold ; 
the  water  in  which  they  were  weigh- 
ed was  6o°i 

Weight 

a des  flalaflites  ; he  fays  alfo,  that  its  expor- 
tation is  prohibited,  but  that  he  does  not  fee 
the  reafon  for  the  prohibition,  as  it  is  not 
more  pure  than  Cornifh  tin;  and  in  this  ob- 
fervation  he  is  right,  it  is  nothing  but  Cor- 
nilh  tin  in  a particular  form.  Chym.  par  M.' 
Baume,  Vol.  III.  p.  422. 
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• Weighc  of  a cubic  foot  of  lead, 

tin,  &c.‘ 

■'  fhU^;  1 / y ' 

Lead'  - ii  270  oz,  avoir. 

Tin  , - - 7170 

Tin  32  parts,  lead  i — 732  i 

Tin  16  — leadi  — 743S 

Tin  10  — lead  1—7492 

Tin  8 ' — lead  1 — 7560 

Tin  5 — lead  I — 7645 

Tin  3 — . lead  i — 7940 

Tin  2 — lead  1—8160 

Tin  I — lead  I — 8817 

Blocks  of  tin  are  often  melted  by 
the  pev/terers  into  finall  rods ; I 
think  the  rods  are  not  fo  pure,  as 
the  grain  tin at  leaft,  ,I  found  that 
a cubic  foot  of  the  fpccimen  I ex- 
amined, weighed  7246  ounces;  buc 
even  this  fort  exceeds  in  purity  any 
of  the  kinds  examined  by  the  autliors 
L 3 above 
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above  mentioned.  Chemiftry  affords- 
certain  methods  of  difcovering  the 
quantity  of  lead  with  which  tin  is- 
' alloyed,  but  thefe  methods-  are  often 
troublefome  in  the  application  •,  an. 
enlarged  table,  of  the  kind  of  which 
1 have  here  given  a fpecimen,  will 
enable  us  to  judge  with  fufficienc 
precifion  of  the  quantity  of  lead  con- 
tained in  any  mixture  of  tin  and  lead^ 
of  which  tve  know  the  fpecific  gra- 
vity. Pewierers,  however,  and  other 
dealers  in  tin,  ufe  not  fo  accurate  a. 
method  of  judging  of  its  purity,  buc 
one  founded  on  the  fame  principle  v 
for  the  fpecific  gravities  of  bodies 
being  nothing  but  the  weights  of 
equal  bulks  of  them,  they  call  a bul- 
let of  pure  tin,  and  another  of  the 
mixture  of  tin  and  lead,  which  they 

want  to  examine,  in  the  fame  mould  •» 
\ 

' and 
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and  the  more  the  bullet  of  the  mix- 
ture exceeds  the  bullet  of  piye  tin  in 
weight,  the  more  lead  they  conclude 
it  contains. 

Pewter  is  a mixed  metal;  it  con- 
fifts  of  tin  united- to  fmall  portions  of 
-other  tnetallic  fubftances,ruch  as  lead, 
zinc,  bifmuth,  and  the  metallic  part, 
'commonly  called,  regulus  of  antimony, 
'We  have  three  forts  of  pewter  in 
common  ufe-,  they  are  uirtinguinied 
by  the  names  of  plate  — trifle  — ley. 
The  plate  pewter  is  ufed  for  p’aies 
and  difbes  ; the  trifle  chiefly  for  pints 
and  quarts;  and  the  ley-metal  for 
wine  meafures,  &c.  Our  very  belt 
fort  of  pewter  is  fald  to  confift  of 
too  parts  of  tin,  and  of  i 7 of  reg'o- 
lus  of  antimony**,  though  others  al- 
'lowmnly  10  parts  of  regulu-s  to  too 
• , K-!i  , ' of 

• Med.  Trahf.  Vo-1.  \ p rS6-. 
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of  tin  * v to  this  compofiiion  tJsc 
French  add  a little  copper.  Crude 
antimony,  which  confills  of  nearly 
equal  portions  of  lulphur  and  of  a 
metallic  fublfance,  may  be  taken  in- 
wardly- with  great  fafety  j but  the 
metallic  part,  or  reguluSy  when  fepa- 
rated  from  the  lulphur,  is  held  to  be 
very  poilonous.  Yet  plate  pewter 
may  be  a very  innocent  metal,  the 
tin  may  lellen  or  annihilate  ihc  noxi- 
ous qualities  of  the  metallic  part  of 
the  antimony.  We  have  an  inftance 
fomewhat  fimilar  to  this  ip  ftand- 
ard  filver,  • the  ufe  of  which  ha,s 
never  been  efteemed  unwholfome, 

• notwithftanding  it  contains  near  one 
twelfth  of’  its  weight  -of  copper. 
Though  Itandard  filver  has  always 
been  contidcred  as  a fafe  metal,  when 

ufed 


pemb..  Chem.  p.  52 :• 
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ufcd  for  culinary  purpofcj ; yet  it  fs 
not  altogether  fo.,  the  copper  it  con- 
tains is  liable  to  be  corroded  by  fa- 
line  fubftances  into  verdigris,  T im 
is  frequently  fecn,  when  common 
fait  is  fuffered  to  ftay  a few  days  in 
filver  faltcellars,  which  have  not  a 
,gold  gilding  and  even  faline 
'draughts,  made  with  volatile  fait 
and  juice  of  lemons,  have  been  ob- 
served to  corrode  a filver  tea  fpoon, 
which  had  been  left  a week  in  the 
mixture. 

The  weight  of  a cubic  foot  of  each 
of  thefe  forts  of  pewter  is, 

• Plate  - 724S’ 

• ' Trifle  7359 

‘ Ley  - 7963, 

If  the'  plate  pewter  be  eompofed  of 

tin  and  reguhis  of  antimony,  there  is 
Syo  realbn  to  expect,  that  a cubic  foot 

of 
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of  Ic  fhould  be  heavier  than  ic.  ap»> 
pears  to  be ; fince  regulus^  of  anti- 
mony, according  to  the  different  ways' 
in  which  it  is  made,  is  .heavier  or 
lighter  than  pure  tin.  A very  fine 
filver-looking  metal  is  faid  ro  be 
compol'ed  of  lOO  pounds  of  tin,  8' 
of  regulus  of  antinx)ny,  i of  bif- 
muth,  and  4 of  copjx;r;  T+ie  ley 
pewter,  if  we  may  judge  of  its  com- 
•pofition  by  comparing  its  weight 
with  the  weishts  of  the  mixtures  of 
tin  and  lead,  mentioned  in  the  table, 
contains  not  fo  much  as  a third,  but 
more  than  a fifth  part  of  its  weight 
of  lead  v this  quantity  of  lead  is  far 
too  much,  confidering  one  of  the 
ufes  to  which  this  fort  of  pewter  is 
applied;  for  acid  wines  will  readily 
corrode  the  lead  of  the  flagons,  in 
which  they  are  meafured,  into  fugar 
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of  lead  •,  this  danger  is  not  fo  grea'e 
with  us,  where  wine  is  I'eldom  fold 
by  the  meafure,  as  it  is  in  other  coun- 
tries where  ii  is  generally  fold  fo,  and 
their  wine  meafures  contain,  proba- 
bly, more  lead  than  ours  do.  Our 
Engliflt  pewterers  have  at  all  times 
made  a myftery  of  their  arr,  and 
their  caution  was  formerly  fo  much 
encouraged  by  the  legiCbture,  that 
an  adt  of  parliament  was  paffed,  ren- 
dering it  unlawful  for  any  maitcr 
pewterer  to  take  an  apprentice,  or  to 
employ  a journeyman  who  v^as  a fo- 
reigner. In  the  prefent  improved 
ftate  of  chemillry,  this  caution  is 
ufclefs  firrce  any  one  tolerably  ikilled 
iii*that  fcience,  would  be  able  to  dif- 
cover  the  quality,  and  quantity  of 
the  metallic  fubftances,  tiled  in  any 
particular  fort  .of  pewter^  and  it  is 

not 
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not  only  ufelefs  now,  but  one  would 
have  thought  it  muft  have  been  al- 
ways fo  ; whilft  tin,  the  principal  in- 
gredient, was  found  in  no  part  of 
Europe  in  io  pure  a (late,  nor  in  fo 
great  plenty  as  in  England. 

Borlafe  and  Pryce,  who  have  writ- 
ten fo  minutely  on  the  method  of 
preparing  the  tin  in  Cornwall^  are  botli 
of  them  filent,  as  to  any  operation  the 
tirr  undergoes  fubfequent  to  its  coin- 
age ; nor  do  they  fay  any  thing  of 
its  being  mixed  with  other  metallio 
fubllances  previous  to  its  coinage-, 
but  alfure  us,  that  the  tin,  as  it  flows 
from  the  ore,  is  laded  into  troughs, 
each  of  which  contains  about  three 
hundred  pounds  weight  of  metal, 
called  flabs,  blocks,  or  pieces  of  tin, 
in  which  fize  and  form  it  is  fold  in 
every  market  in  Europe,  Foreigners, 

how- 
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however,  in’ general  affert,  that  our 
tin  as  exported  is  a mixed  metal  i 
and  the  French  Encyclopedifti  in  par- 
ticular (article  etain)  inform  us,  on 
the  authority  of  Mr.  Rouelle,  that  the 
virgin  tin  is  again  melted  and  caih 
into  iron  moulds  of  half  a foot  in 
thicknefs ; that  the  metal  is  cooled 
very  (lowly j that  when  cold  it  is  di- 
vided horizontally  into  three  layers  • 
that  the  uppermoH:,  • being  very  Ibft 
pure  tin,  is  afterwards  mixed  with 
copper,  in  the  proportion  of  3 pounds 
of  copper  to  lOO  of  tin ; that  the  fe- 
eond'  layer,,  being  of  a harfher  na- 
ture, has  5 pounds  of  lead  added  to 
an  100  of  the  tin  ; and  that  the  lowed: 
layer  is  mixed  with  9 pounds  of  lead 
to  an  hundred  of  the  tin  ; the  whole 
is  then  re- melted,  and  cooled  quick- 
ly, and  this,  they  fay,  is  the  ordinary 
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tin  of  England;  and  Gcoffroy  ha<i’ 
formerly  given  much  ihe^  fame  ac- 
count There  is,  probably,  -no 
other  foundation  for  this  report,  but 
that  pewter  has  been  miftaken  for 
tin,  thefe  metals  being  fometimes 
called  by  the  fame  name;  and  fine 
pewter  being  fometimes  made  from  a 
mixture  of  i part  of  copper  w ith  20 
or  30  parts  of  tin. 

U^he  mixture  generally  ufed  for  the 

tin- 

• fufores  aporto  furni  ofllolo,  metal- 

]um  in  formas  quafdam  ex  arena ‘paratas  dif- 
fiucre  iinunt,  ibique  in  mafias  grandiores 
concrefeit.  Superior  flanneas  mafiae  pars 
adeo  mollis  efi  et  fiexilis  ut/ola  elaborarl  ne- 
^queat  fine  cupri  mifcela,  trium  fcilicet  libra- 
Tum  fuper  flanni  libras  centum.  Maflsc  pars 
media  binas  tantum  cupri  libras  recipit.  In- 
£ma  verq  adeo  fragilis  efi  et  intradabilis,  at 
cum  hujus  metalli  centum  libris  plumbi  libras 
oflodecim  confociare  oporteat.  GcofF,  Mat. 
•Med.  Vol.'L  p.  282. 
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tinning  of  copper  veffels,  confids  of 
3 pounds  of  lead,  and  of  5 pounds 
■of  pewter  ; when  a finer  compofition 
is  required,  ten  parts  of  lead  arc 
mixed  with  fixteen  of  tin ; or  one 
part  of  lead  with  two  of  tin  ; but  tiie 
proportions  in  which  lead  and  tin 
are  mixed  together,  even  for  die  fame 
kind  of  work,  are  not  every  where 
the  fame;  different  artifts  having:  dif- 
ferent  cuftoms.  Veffels  tinned  with 
pure  tin,  or  with  the  bell  kind  of 
pewter,  which  contains  no  lead,  do 
not  ftain  the  fingers  when  rubbed 
with  them : whilft  thofe  which  are 
tinned  with  a compofition,  into 
which  lead  enters  as  a conftituent 
part,  colour  the  fingers  with  a blackiffi 
tinge. 

Zinc  was  long  ago  recommended 
^or  the  tinning  of  copper  veffels,  in 

pre- 
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preference  both  to  the  mixture  of  tin' 
and  lead,  and  to  pore  tin  *:  and  zinc 
certainly  has  the  advantage  of  being 
harder  than  tin,  and  of  bearing  a 
greater  degree  of  heat  before  it  ssiH 
be  melted  from  the  furface  of  the 
copper;  fo  that  on  both  thefe  ac- 
■counts  it  would,  when  applied  on 
the  furface  of  copper,  laft  longer 
than  tin  ; juft  as  tin,  for  the  fame 
reafons,  lafts  longer  than  a mixture 
©f  tin  and  lead.  But  whether  zinc 
makes  any  pare  of  the  compound 
metal  for  tinning  copper,  fo  as  to 
prevent  the  necefnty  of  repeated  tin- 
ning, for  which  a patent  was  granted 
fome  years  ago,  is  what  I cannot  af- 
firm. Whatever  may  be  the  excel- 
lence of  that  compofition,  or  of  arry 
other  compofition,  which  may  be  in- 
> • vented 

“•Mem.  de  1’ Acad,  des  Scien.  a Par.  1745. 
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vented  with  refpedt  to  its  durability, 
and  its  not  contra£ting  ruft  / ftill  it 
ought  not  to  be  admitted  into  gene- 
ral ufe,  till  it  has  been  proved,  that 
it  is  not  foluble  in  vegetable  acids, 
or  that  its  folutions  are  not  noxious  *. 
A method  has  of  late  years  been  in- 
troduced at  Rotten^  of  applying  a coac 
of  zinc  upon  hammered  iron  i'auce- 
pans.  The  vefiels  are  firft  made 
very  bright,  fo  that  not  a black  fpeck 
can  be  feen-,  they  are  then  rubbed 
with  a iblution  of  fal  ammoniac,  and 

aftcr- 

• This  doubt  with  rcfpeft  to  zinc  is  faid 
to  have  been  removed.  — M.  de  la  Planche,  a 
phyfician  at  Paris,  tried  the  experiment  on 
himfetf : he  took  the  I'alts  of  zinc,  formed  by 
the  vegetable  acids,  in  a much  flronger  dofe 
than  the  aliments  prepared  in  copper  veflels, 
lined  with  zinc,  could  have  contained,  and 
he  felt  no  dangerous  effefts  from  them.  Four- 
croy’s  Chem,  Voi.  I.  p.  4+2. 

VOL.  IV.  M 


( 'rs.) 

afterwards  dipped  into  an  iron  pot 
full  of  melted  zinc,  and  being  taken 
out,  the  zinc  is  found  to  cover  the 
furface  of  the  iron-,  and  if  a thicker 
coat  of  zinc  is  wanted,  it  may  be  ob- 
tained by  dipping  the  veffcl  a fecond 
time.  This  kind  of  covering  is  fo 
hard,  that  the  veffels  may  be  fcoured 
with  fand  without  its  being  rubbed 
off*.  Kitchen  utenfils,  which  are 
made  of  call:  iron,  are  ufually  tinned 
to  prevent  the  iron’s  ruffing-,  and,  as 
great  improvements  have  been  lately 
made  in  rendering  caff  iron  mallea- 
ble, it  is  not  unlikely,  but  that  tinned 
iron  veffels  may  become  of  general 
ufe. 

The  common  method  of  tinning, 
confifts  in  making  the  furface  of  the 
copper  veffel  quite  bright,  by  fcrap- 

ing 

* Journ.  de  Pby.  Decem,  1778# 
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ing  it  and  by  waihing  it  with  a folution 
of  fal  ammoniac;  it  is  then  heated, 
and  the  tin,  or  metallic  mixture  de- 
figned  for  tinning,  is  melted,  and 
poured  into  it,  and  being  made 
quickly  to  -flow  over  every  part  of 
the  furface  of  the  veffel,  it  incorpo- 
rates with  the  copper,  and,  when 
cold,  remains  united  with  it.  Rofm 
or  pitch  are  fometimes  ufed,  to  pre- 
vent the  tin  from  being  calcined,  and 
the  copper  from  being  fcaled,  either 
of  which  circumftances  would  hin- 
der the  flicking  of  the  tin. 

I had  the  curiofity  to  ellimate  the 
quantity  of  pure  tin,  which  is  ufed 
in  tinning  a definite  furface  of  cop- 
per. The  veffel  was  accurately 
weighed  before  and  after  it  was  tin- 
ned, its  furface  was  equal  to  254 
fquare  inches;  its  weight,  before  it 
M z was 
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\vas  tinned,  was  46  ounces,  and  its 
weight,  after  the ' operation,  was 
barely  46I  ounces;  fo  that  half  an 
ounce  of  tin  was  fpread  over  254 
fquare  inches,  or  fomewhat  lefs  than 
a-grain  of  tin  upon  each  fquare  inch. 
How  innocent  foever  pure  tin  may 
be,  yet  the  tenuity  of  the  coat  of  ir, 
by  which  copper  veflcls  are  covered, 
in  the  ordinary  way  of  tinning,  can- 
not fail  to  excite  the  ferious  appre- 
henfions  of  thofe  who  confider  it ; 
for  in  the  experiment  which  1 have 
mentioned,  the  tin  was  laid  on  v;ith 
a thicker  coat  than  in  the  common 
way;  inftead  of  a grain,  I fufpeft 
that  not  a quarter  of  a grain  of  tin  is 
fpread  over  a fquare  inch  in  the  com- 
mon way  of  tinning.  A difcovery  has 
been  lately  made  at  Paris  of  a method 
©f  giving  to  copper  or  iron  a coat  of 

any 


. ( , y 

any  required  thicknefs,  by  tinning 
them;  the  comoofirion  ufed  for  the 

’ X 

tinning  is  not  mentioned,  but  it  is 
faid  that  a piece  of  copper,  which  in. 
the  common  way  of  tinning  only 
abforbed  2t  grains  of  tin,  abforbed 
of  the  new  compofition  432  grains, 
or  above  twenty  times  as  much  *. 
Till  this  difcovery  is  generally  known, 
our  workmen  fliould  ftudy  to  cover 
the  copper  with  as  thick  a coat  as 
they  are  able  of  pure  tin.  The  dan- 
ger from  the  corrofioyi  or  folution  of 
the  tin  by  vinegar,  juice  of  lemons, 
or  other  vegetable  acids,  if  any  at 
all,  cannot,  it.  is  apprehended,  be 
ienfibly  felt,  except  in  very  irritable 
habits,  or  where  four  broths,  I'auces, 
or  fyrups  are  fulfered  to  ftand  long 
in  tinned  veffels  before  they  are  ufed.. 

Andj, 

* L’Efprit  des  Journaux,  Mai,.  17S5., 

M3, 
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i\nd,  indeed,  a proper  attention  to 
keeping  the  velTels  clean,  might  ren- 
der the  uhi  of  copper  itfelf,  for  the 
boiling  of  food,  efpeciaily  of  animal 
food,  wholly  fate.  The  French  may 
be  allowed  to  excel  us  in  cookery, 
but  we  pr’obably  excel  them  in  clean- 
linefs;  for  the  melancholy  accidents 
attending  the  ufe  of  copper  veficls, 
are  much  lefs  frequent  in  England 
than  in  France*,  and  this  difference 
proceeds,  1 conjedture,  from  the  fu- 
perior  care  of  the  Englifh  in  keeping 
their  vefTels  clean,  and  from  the  cheap- 
nefs  and  purity  of  the  tin  we  ufe  in 
tinning  copper.  We  are  not  certain 
that  the  art  of  tinning  copper  vefTels 
was  known  to  the  "Jews,  when  they 
came  out  of  Egypt  \ the  vefTels  ufed 
in  the  temple  fervice,  were  made  of 
copper  by  divine  appointment  j and 

by 
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by  being  conftantly  kept  clean,  ri(i 
inconveniences  followed.  The  v/orc, 
from  which  malt  liquor  is  brewed,  is 
boiled  in  copper  veflels  ; the  diftillers 
and  confeflioners,  prepare  their  fpirits 
and  fyrups  in  un-tinned  veflels  of  the 
fame  metal,  without  our  fulfering 
any’'  thing  in  our  health  from  thefe 
praftices;  at  leaft,  without  our  being 
generally  perfuaded  that  we  fuffer 
any  thing.  A new  copper  vefiel,  or 
a copper  veflel  newly  tinned,  is  more 
dangerous  than  after  it  has  been 
ufed ; becaufe  its  pores,  which  the 
eye  cannot  diftinguifli,  get  filled  up 
with  the  fubftances  which  are  boiled 
in  it,  and  ail  the  fliarp  edges  of  the 
prominent  parts  become  blunted  j 
and  are  thereby  rendered  lefs  liable  to 
be  abraded. 

M.'  de  la  Lande,  in  defcribing  the 
M 4 eabi* 
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cabinet  at  Portia,  obferves,  that  the 
kitchen  utenfils,  which  have  been 
dug  up  at  Herculaneum,  are  almoll  all 
of  them  made  of  a compound  metal 
like  our  bronze,  and  that  many  of 
the  vefTels  are  covered  with  filver, 
but  none  of  them  with  tin  : and 
hence  he  concludes,  that  the  ufcful 
art  of  applying  tin  upon  copper, 
was  unknown  to  the  Romans-,  cet  art 
utile  d'  appUqiier  /’  etain  fur  h cuivre 
manqueit  aux  Romains  *.  By  the  lame 
mode  of  arguing,  it  might  be  inferred, 
that  whatever  is  not  met  with  in  one 
houfe  or  town,  is  not  to  be  found  in 
a whole  country  : yet,  fliould  a town 
in  England,  in  which  there  happened 
to  be  plenty  of  tinned,  but  no  plated 
or  filvered  copper,  be  fwallowed  up 

by 

• t'cvace  d'  un  Francois  en  Italic,  Vok 
VI!.-'p.  12Q. 
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by  an  earthquake,  a future  anti- 
quary, employed  in  digging  up  its 
ruins,  would  make  a bad  conclufion, 
if  he  fiiould  thence  infer,  that  the 
Englilh  underftood,  indeed,  at  that 
time  tlie  art  of  applying  a covering 
of  tin,  but  not  one  of  filver  upon 
copper.  If  the  ingenious  author  had 
recollefted  what  is  laid  in  the  34th 
book  of  Pliny's  Natural  Hiftory,  he 
v/culd  have  feen  reafon  to  believe, 
that  the  Romans,  at  leaft  when  Pliny 
wrote  that  book,  did  underftand  the 
method  of  tinning  copper  which  is 
now  in  ufe-,  for  this  great  naturalill 
affures  us  in  exprefs  terms,  that  tin 
Imeared  upon  copper  veflels,  render- 
ed the  talle  more  agreeable,  and  re- 
.ftrained  the  virulence  of  the  copper 
ruft.  It  is  to  no  purpole  to  objeft, 
that -the  tin  (llannum)  of  Pliny,  was 
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a fobftance  different  from  our  tin; 
for  though  it  fh ould  be  in  fome  mea- 
fure  granted,  that  it  was  a mixture 
of  lead  and  filver,  yet  the  lame  au- 
thor tells  us,  in  the  fame  place,  that 
white  lead  {plumbum  alburn)^  by  which 
it  is  univerfally  allowed  our  tin  is 
meant,  was  fo  incorporated  widi  cop- 
per by  boiling,  that  the  copper  could 
fcarcely  be  diltinguilhed  from  filvcr*. 

Nay, 

• Stannum  illitum  aencis  vafi?,  faporem 
gratiorem  reddit,  et  compefeit  a:ruginis  vi- 
rus, mirumque,  pondus  non  auget — from  the 
weight  of  the  copper  not  bcingy^f^^^  incrcafcd 
(for  Pliny  here  fpeaks  popularly)  \vc  may  in- 
fer, that  the  covering  of  tin  which  the  cop- 
per received  was  very  flight,  and  the  art  al- 
luded to  by  Pliny  in  this  place,  was  probably 
the  fame  with  that  of  tinning  now  in  ufc— 
album  (fcil.  plumbum)  incoquitur  xreis  ope- 
,;i-ibus,  Galliarum  inve*  to,  ita  ut  vix  difeerni 
poflit  ab  argento,  eaque  incodilla  vocant. 

This 
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Nay,  it  appears  that  the  Romans 
not  only  ufed  pure  tin,  but  the  fame 
mixture  of  tin  and  lead,  which  foms 
of  our  workmen  ufe  at  this  time  in 
tinning  veflTels.  A mixture  of  equal 
parts  of  tin  and  lead,  they  called  ar- 
gentarium-,  a mixture  of  tw*'  parts  of 
lead  and  one  of  tin,  tliey  call  tertia- 
rium\  and  with  equal  parts  of  icrtia- 
rium  and  tin,  that  is,  with  two  parts 
of  tin  and  o!ie  of  lead,  they  tinned 
whatever  vcficls  they  thought  fit. 
They,  moreover,  applied  filver  upon 
copper,  in  the  fame  way  in  which 
they  applied  tin  upon  it*;  and  they 

ufed 

This  defcription  fcems  to  be  cxprcfllve  of  the 
manner  of  tinning,  by  putting  the  corper 
into  melted  tin,  as  is  praftifed  in  the  tinning 
of  iron  plates.  Plin.  Nill.  Nat.  L,  XXXIV. 
sS.XLlII. 

• — deinde  et  argentum  incoqucre  fimili 

modo 
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tifed  this  filverecl  copper  (I  do  not 
call  it  plated,  becaufc  copper  is  plated 
by  a different  proccl's)  in  ornament- 
ing their  carriages,  and  the  harnefs 
of  their  horfes,  as  wc  now  ufc  plated 
copper ; on  this  head  IMiny  obferves, 
and  a rigid  philofophcr  will  apply 
the  obfervation  to  ourfclvcs,  that 
luch  was  the  luxury  of  the  Romans, 
that  it  was  then  fimply  reckoned  a 
piece  of  elegance  to  confume  in  the 
ornaments  of  coaches,  and  in  the 
trappings  of  horfes,  metals,  which 
their  anceftors  could  not  ufc  in  drink- 
ing veffels,  without  being  allonifhcd 
at  their  own  prodigality  : we  are  not 
yet,  however,  arrived  at  the  extrava- 
gance of  Nero  and  his  wife,  who  Ihod 

their 

modo  ccepere  equorum  maximc  ornaineiitis>. 
&c.  Id.  ib.  . 
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tlieir  favourite  horfes  with'  gold  and 
filver. 

Pliny  mentions  an  experiment  as 
characteriftic  of  tin  — that  when 
melted  and  poured  upon  paper,  it 
feemed  to  break  the  paper  by  its 
weight,  rather  than  by  its  heat  -,  and 
Ariltotle,'  long  before  Pliny,  had  re- 
marked the  fmall  degree  of  heat 
which  was  requifite  to  fufc  Celtic 
{Briiipi)  tin  *.  This  metal  melts 
with  lefs  heat  than  any  other  fimple 
metallic  fubdance,  except  quickfil- 
ver-,  it  requiring  for  its  fufion  not 
twice  the  heat  in  which  water  boils ; 
but  compofitions  of  tin  and  lead, 
which  are  ufed  in  tinning,  melt  with 
a dill  lefs  degree  of  heat,  than  what 
is  requidte  to  melt  fimple  tin:  and 
a mixture  compofed  of  5 parts  of 

lead. 


* De  Mirab. 
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lead,  3 of  tin,  and  8 of  bifmuth, 
though  folid  in  the  heat  of  the  at- 
mofphere,  melts  with  a lefs  degree  of 
heat,  than  that  in  which  water  boils. 


ESSAY  V. 


Of  tim7ing  Iron. — Of  platings  and 
gildmg  Copper, 


IRON  is  tinned  in  a different  man- 
ner from  copper.  In  fome  fo- 
reign countries,  particularly  mFrancey 
Bohemia.,  and  Sweden,  the  iron  plates, 
which  are  to  be  tinned,  are  put  un- 
der a heavy  hammer  which  gives,  in 
fome  works,  76  ftrokes  in  a minute  : 
they  can  in  one  week,  with  one  ham- 
mer, fabricate  4320  plates  5 the  iron 

is 
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IS  heated  in  a furnace  ei^ht  times, 
and  put  eight  times  under  the  ham- 
mer during  the  operation,  and  it 
lofes  near  an  eighth  part  of  its  weight. 
Iron  and  copper  are  both  of  them 
very  apt  to  be  fcaled  by  being  heated, 
and  they  thereby  lofe  greatly  of  their 
weight.  Twenty-four  hundredweight 
of  pure  plate  copper,  will  nor,  when 
manufaftufed  into  tea-kettles,  pans, 
&c.  give  above  twenty-three  hundred 
weight.  Twenty- one  hundred  weight 
of  bar  iron  will  give  a ton,  when  fplic 
into  rods,  but  taking  into  confidera- 
tion  all  iron  and  fceel  wares,  from  a 
needle  to  an  anchor,  it  is  eftimated 
that  thirty  hundred  of  bar  iron  will, 
at  an  average,  yield  a ton  of  wares  *. 

Thirty 

• See  an  inllraiSlive  pamphlet,  in  titled, 
A Reply  to  Sir  L.  O’Brien,  by  V/.  Gibbons, 

1785. . ^ 
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Thirty  hundred  weight  of  caft  iron  is 
reduced  to  twenty,  when  it  is  to  be 
made  into  "wire’,  and  twenty-fix  to 
twenty-two,  when  it  is  to  be  made 
into  'bar  iron.  Steel  fufFers  a much 
lefs  lofs  of  weight  in  being  hammer- 
ed, than  iron  does.  Cajl  fteel  does 
not  lofe  above  two  parts,  and  bar  ftecl 
not  above  four  in  loo,  when  drawn 
•into  the  fliape  of  raibrs,  files,  &c. 
The  iron  plates  in  England,  are  not 
hammered,  but  rolled  to  proper  di- 
menfions  by  being  put  between -two 
cylinders  of  caft  iron  cafed  with  lleel. 
This  method  of  rolling -iron  is  prac- 
tifed  in  Norway,  when  they  form  the 
plates  with  which  they  cover  their 
houfes  •,  but  whether  it  was  invented 
by  the  Englifii,  or  borrowed  from 
fome  other  country,  (as  many  of  our 
inventions  in  metallurgy  have  been, 
voL.i-t^.  -In  eipe. 


( m ) 

efpcially  from  Germany,)  I have  not 
been  able  to  learn.  In  the  firft  ac- 
count which  1 have  fecn  of  its  being 
pradlifed  in  England,  it  is  faid  to 
have  been  an  invention  of  Major 
Haniury  at  Ponlypcol^  the  account  was 
written  in  1697,  and  many  plates  had 
then  been  rolled  The  nulling  of 
lead,  however,  which  is  an  operation 
of  the  fame  kind,  had  been  praftifed 
in  the  year  1670 ; tor  an  adt  of  par- 
liament was  paired  in  that  year,  grant- 
ing wnioSn Philip Howard^und  Francis 
JValfon,  Efq-,  the  foie  ufeof  the  manu- 
fadture  of  milled  lead,  for  the  Iheath- 
ing  of  fhips.  A book  was  publifiied 
in  1691,  in  titled,  P he  New  Invention  of 
Milled- Lead  for  Jheathing  of  Ships,  &c. 
It  appears  from  this  book,  that  about 
20  fnips,  belonging  to  the  navy,  had 

been 


• Phil.  Tranf.  Ab.  Vol.  V. 
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been'  fheathed  with  lead;  but  the 
pi  adlice  was  diicontinued,  on  account 
of  the  complaints  of  the  officers  of 
the  navy,  that  the  rudder  irons  and 
bolts  under  water,  had  been  wafted 
to  fuch  a degree,  and  in  fo  ftiort  a 
fpace  of  time,  as  had  never  been  ob- 
ierved  upon  any  unJJieathed  or  "jDacd- 
Jheathed  jJiips.  The  perfons  then  in- 
terefled  in  fheathing  with  lead,  pub- 
liffied  a fenfible  defence;  and  amongtb 
other  things,,  they  remarked,  that 
both  the  Dutch  and  Engliffi  had  ever 
been  in  the  habit  of  Ibeathinff  the 

O 

' ftern  pofts  and  the  beards  of  the  rud- 
ders with  lead  or  copper ; and  tiiat 
the  Portuguefe  and  Spaniards  did 
j/7e;i  fheath  the  whole  bodies  of  their 
lliips,  even  of  their,  gallions,  with 
lead,  and  liad  done  it  for  many  years. 
Copper  flieathing  has  fince  taken- 
2 place 
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place  .in  the  navy,  but  it  is  faid  to 
be  liable  to  the  fame  objections  which 
were,  above  a century  ago,  made  to 
lead  flieathing.  dt  is  preferable, 
however,  to  lead,  .on  account  ot  its 
liglunefs.  If  the  facd  thould  be  once 
well  ellablilhed,  that  (hips  flicathed 
with  lead  or  copper,  will  not  laft  I'o 
long  as  thole  which  are  unfheathed, 
or  fheathed  only  with  wood;  it  would 
be  a problem  well  deferving  the 
conlideration  of  chemifts,  to  inquire 
.into  the  manner  how  a metallic  co- 
vering operates  in  injuring  the  con- 
llruclion  of  the  (hips,  and  whether 
that  operation  is  exerted  on  the  iron 
bolts,  or  on  the  timbers  of  the  (hip. 
\\Mien  the  iron  plates  have  been  ei- 
ther hammered  or  rolled  to  a proper 
thicknefs,  they  are  fteeped  in  an  acid 
liquor,  which  is  produced  from  the 

fer- 
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fermentation  of  barley  meal,  though 
any  other  weak  acid  would  anfwer 
thc'ipurpofc:  this  fteeping,  and  a 
fublcqucnt  fcouring,  cleans  the  fur- 
face  of  the  iron  from  every  fpeck  of 
ruft  or  blacknefs,  the  leaft  of  which 
.would  hinder  the  tin  from  (lickino  to 

O 

the  iron,  fince  no  metal  will  combine 
itfelf  with  any  cartli,  and  rult  is  the 
earth  of  iron.  After  the  plates  have 
been  made  quite  bright,  they  arc  put 
into  an  iron  pot  filled  with  melted 
tin;  the  furface  of  the  melted  tin  is 
kept  covcied- with  fact  or  pitch,  or 
fome  fat  fubftar.ee,  to  prevent  it  from 
being  calcined;  tlie  tin-  prefently 
..unites  itfelf  to  the  iron,  covering 
each  fide  of i every  plate  with  a tiiin 
jw.hite  coat; ' the  plates  are  .then  taken 
out  of  tlie‘,melted  tin,,  and  under- 
going Ibme  further  operations,  which 

. • NJ 
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ren- 
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render  them  more  neat  and  faleable, 
but  are  notefl'ential  to  the  purpofc  of 
tinning  them,  they  are  packed  up  in 
boxes,  and  arc  every  where  to  be  met 
with  in  commerce  under  the  name  of 
tin-plates;  though  the  principal  part 
of  their  fubftance  is  iron,  and  hence 
the  French  have  called  them  fer  hlanc-^ 
or  white  iron:  Sir  ''John  Pcltus  fays, 
that  they  were  with  us  vulgarly  called 
latten-,  though  that  word  more  ufually 
1 think  denoted  brafs. 

Tin  is  not,  but  iron  is  liable  to 
contraft  rull  by  expolure  to  air  and 
and  moifture,  and  hence  die  chief 
ufc  of  tinning  iron,  is  to  hinder  it 
from  becoming  rufty ; and  it  is  a 
quedien  of  fome  importance,  whe- 
ther iron  of  a greater  thicknefs  than 
the  plates  we  have  been  fpeaking  of, 
might  not  be  advantageoudy  tinned. 

“ I 
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I defired  a workman  to  fcn  eak  off  th6 
end  of  a large  pair  of  pincers,  which 
had  been  long  ufed  in  taking  the 
plates  out  of  the  melted  tin-,  the  iron 
of  the  pincers  fcemed  to  have  been 
penetrated  through  its  whole  fub- 
ftance  by  the  tin-,  it  was  of  a white 
colour,  and  had  preferved  its  mallea- 
bility. It  is  ufual  to  cover  iron  flir- 
rups,  buckles,  and  bridle  bits,  with 
a coat  of  tin,  by  dipping  them,  after 
they  are  made,  into  melted  tin-,  and 
pins,  wiiich  are  made  of  copper  wire, 
are  whitened,  by  being  boiled  for  a 
lonrr  time  with  granulated  tin  in  a 

O O 

lie  made  of  alum  and  tartar.  Would 
the  iron  bolts,  ufed  in  fliip  building,  be 
preferved  from  rolling  by  being  long 
boiled  in  melted  tin.^ — Would  it  be 
pofTiblc  to  /liver  iron  plates  by  liablii- 
N 4 tuti.'.g 
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tuting  melted  fdvcr  for  melted  tin  ? 
1 do  not  know  that  this  experiment 
has  ever  been  tried ; but  an  intelli- 
gent manufaifturer  will  fee  many  ad- 
vantages which  would  attend  the  fuc- 
cefs  of  it.' 

It  is  cuftomary,  in  fomc  places,  to 
alloy  the  tin,  ufed  for  tinning  iron 
plates,  with  about  one  feventicth  part 
•of  its  weight  of  copper ; foreigners 
make  a great  fecret  of  this  praftice  j 
1 do  not  know  whether  any  of  our 
manufafturers  ufe  copper,  Ibmc  of 
them  1 have  reafon  to  believe  do  not. 
Too  much  copper  renders  the  plates 
of  a blackifh  hue,  and  if  there  is  too 
little,  the  tin  is  too  thick  upon  the 
plates ; but  this  thicknefs,  though  it 
may  render  the  plates  dearer,  or  the 
profit  of  the  manufafturer  lefs,  will 
make  them  laft  longer.  When -the 

tin 
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tin  Js  heated,  to  too  great  a pitchy 
lome  .of xthc  plates  have  yellowifh 
J'pots  on, them ; but  the. coat  of  tin 
is  thinner,  and  more  even,  when  the 
tin  is  of  a great,  than  of  a moderate 
heat ; and  the  yellownefs  may  be 
taken  away,,  by  boiling  the  plates  for 
two  or  three  minute.s  in  lees  of  wine, 
or,  where  they  cannot  be  had,  four 
fmall  beer,  or  other  fimilar  liquors, 
may,.^  probably,  be  ufed  with  the 
fame  fuccefs.  The  quantity  of  tin 
ufed  in  tinning  a definirc  number  of 
plates,  .each  of  a definite  fize,  is  not 
the  fame  at  different  manufaftories. 
In  fome  fabrics  in  Bohemia^  they  ul'e 
' 14  pounds  weight  of  tin  for  making 
300  plates,  each  of  them  being  i rj 
4 inches  long,  by  Si  broad;  according 
> to  this  account,  one  pound  of  tin 
. covers  a furface  of  287  fquarc  feet: 

in 
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ifi  other,  where  the  tin  is  laid  on 
thicker,  one  pound  will  not  cover 
above  22  fquare  feet^  the  thicknefs 
of  the  tin,  even  in  this  cafe,  is  fmall, 
not  much  exceeding  the  one  thou- 
fandth  part  of  an  inch;  though  that 
is  near  twice  the  thicknefs  which  tin 
has  upon  copper  in  the  ordinary  way 
of  tinning.  I have  inquired  of  our 
Englifli  manufadurers  concerning  the 
quantity  of  tin  ufed  by  them  in  co- 
vering a definite  furface  of  iron,  and 
from  what  I could  colled,  it  is  very 
nearly  the  fame  v^^ith  that  ufed  in  Bo- 
hemia, from  whence  we  derived  the 
art  of  tinning,  or  28  fquare  feet  to  a 
pound  of  tin. 

There  are  various  tin  plate  manu- 
fadories  eftablifhed  of  late  years  in 
different  parts  of  England  and  Wales. 
Saxony^  and  part  of  Bohemia  formerly 

fup- 
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fuppiied  all  the  known  world  with 
this  commodity,  but  England  now 
experts  large  quantities  of  it  to  Hol- 
land, Flanders,  France,  Spain,  Italy 
and  other  places.  About  the  year 
1670,  Andrew  Tarrant  on  (he  defer  ves 
a ftatue  for  the  attempt)  undertook, . 
at  the  expence  of  fome  enterprifing 
perfons,  a journey  into  Saxony,  in 
order  to  difcover  the  art  of  making 
tin  plates-,  he  fucceeded  to  his  ut- 
moft  wifhesj  and,  on  his  return,  fe- 
veral  parcels  of  tin  plates  were  made, 
which  met  with  the  approbation  ot 
the  tin  men  in  London  and  Worcef- 
ter  *.  Upon  this  fuccefs,  prepara- 
tions were  made  for  fetting  up  a ma- 
nufadory,  by  the  fame  perfons  who 
had  expended  their  money  in  m^ak- 

ing 

• England’s  Improvement  by  Sea  and 
Land,  by  And.  Ynrranton,  Gent.  1698. 
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ing  the  difcovery  i byt  a^patent 
ing  obtained  by  fome  others,  the  de- 
fign  was  abandoned  by  the  firfl;  pro- 
je£lors,  and  the  patentees  riever  made 
any  plates  j fo  that  the  whole  feheme 
feems  to  have  been  given  up  till  the 
year  1720^  when  the  fabricating  of 
tin  plates  made  one  of  the  many  very 
iifeful  projeds,  (though  ; they  were 
mixed  with  fome  which  were  imprac- 
ticable) for  which  that  year  will  ever 
• be  memorable.  ' How  foon  after  that 
year  the  manufadture  of  tin  plates 
gained  a lafting  eftablilhment,  and 
where  they  were  firft  made,  are  points 
on  which  1 am  not  fufficiently  in- 
formed an  old  Cambridge  workman 
has  told  me,  that  he  ufed  them  at 
Lynn  in  Norfolk  in  the  year  1730, 
and  that  they  came  from  Poniypool. 
The  tin  men,  at  the  firft  introduc- 

. . tion 
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•tion  of  thfe  Englifh  plates,  were 
greatly  delighted  with  them  ; they 
'had  a better  colour,  and  were  more 
.pliable  than  the  foreign  ohes,  which 
were  then,  and  ftill  continue  to  be 
hammered;  it  being  impoffible  to 
hammer  either  iron,  or  copper,  to  fo 
uniform  a thicknefs,  as  thefe  metals 
are  reduced  to  by  being  rolled.  It  is 
faid,  that  a Cormpi  tin  man  flying 
•out  of  England  for  a murder  in  1 243, 
•difeovered  tin  in  Saxony,  and  that 
before  that  difeovery,  there  was  no 
tin  in  Europe,  except  in  England*; 
a Romijh  prieft,  converted  to  be  a Lu- 
theran, carried  the  art  of  making  tin 
plates  from  Bohemia  into  Saxony 
about  the  year  1620-]-;  anA  Andrew 
SLarranton,  as  we  have  feen,  brought 
.it  from  Saxony  into  England  abouc 
. ‘ the 

■*  Heylin’s  Geog.  f Yarrantos. 
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tlie  year  1670;  Saxony  at  that  time 
being  the  only  place  in  which  the 
plates  were  made.  They  are  now 
made  not  only  in  England,  but  in 
France,  Holland,  Sweden,  &c. 
though  from  the  cheapnefs  of  cur 
tin,  and  the  excellency  of  fome  forts 
of  our  iron,  the  greateft  flaare  of  the 
tin  plate  trade  muft  ever  center  with 
ourfelves.  Our  coal  is  another  cir- 
cumftance,  which  tends  to  give  Great 
Britain  an  advantage,  over  fome  other 
■countries,  in  fuch  manufadtures  as 
require  a great  conflimption  of  fuel. 
Wood  was  fcarce  in  Saxony  above  a, 
century  ago,  and  it  is  now  ftiii  more 
fcarce  in  France.  They  are  begin- 
ning, it  is  faici,  in  that  country  to 
ufe  coal  and  coak,  or  charred  pit- 
coal,  called  by  them  Charbon  de  terre 
epure^  and  they  have  granted  a pa- 
tent 
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tent  to  an  individual  for  the  prepa- 
ration of  it  *.  Another  individual 
has  begun  to  diftil  tar  from  pit-coal, 
and  he  gets  about  5 pounds  weight 
of  tar  from  an  hundred  of  coal 
(which  is  pretty  nearly  what  I fug- 
gefted  in  1781,  as  poffible  to  be  ob- 
tained from  the  fame  quantity,  Voh 
11.  p.  352.).  The  French -f  expedt 

great 

* Acad,  des  Scien.  a Paris,  1781  ; where 
M.  Lavoifier  gives  an  ufeful  memoir  on  the 
comparative  excellencies  of  pit-coal,  coak^ 
wood  and  charcoal  as  fuels. — II  fuit  de  ces 
experiences,  que  pour  produire  des  eiFets 
-egaux,  il  faut  employer  : charbon  de  terre 
600  livres ; charbon  de  terre  charbonne  5525 
charbon  de  bois  mele  960;  bois  de  hetre 
1125;  bois  de  chene  1089. 

f II  fuffit  de  dire  qu’  elle  peut  fournir  a h\ 
capitale  un  nouveau  chauffage,  devenu  necef- 
faire  dans  un  moment  oil  Ton  eft  menace 
d’ une  difette  de  bois;  qu’elle  peut  ouvrir 

dans 
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great  advantage  from  tlris  mode  of 
depurating  ceal,  but  we  have  nothing 
to  apprehend  on  that  fcore,  for  the 
patriotic  zeal  of  the  Earl  ofDundonali 
has  put  us  in  poffeffion  of  every  ad- 
vantage which  can  be  expedled  from 
a difcovery,  which  he  has  had  the 
honour  of  bringing  to  perfe6lioa. 

The  plating  of  copper  is  perform- 
ed in  the  following  manner.  Upon 
fmall  ingots  of  copper  they  bind 
plates  of  filvcr  with  iron  wire,  ge- 
nerally allowing  i ounce  of  filver  to 
J2  ounces  of  copper.  The  furface 
of  the  plate  of  filvcr  is  not  quite  fo 
large  as  that  of  the  copper  ingot  ^ 

upon 

dans  ,le  royaame  une  nouvclle  brance  de 
^ommetce;  ctablir  de  nouvelles  manufac- 
■tures,;  faire  valoir  des  mines,  rellees  jufqu*  a 
■pre'fent  inutiles.  L’Efprit  des  Journ.  Juil- 
le't,  1785. 
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upon  the  edges  of  the  copper,  which 
are  not  covered  by  the  filver,  they 
:pu.t  a little  borax;  and  expofing  the 
whole  to  a ftrong  heat,  the  borax 
melts,  and  in  melting  contributes  to 
melt  that  part  of  the  filver  to  which 
it  is  contiguous,  and  to  attach  it  in 
that  melted  ftate  to  the  copper.  The 
ingot,  with  its  filver  plate,  is  then 
rolled  under  fteel  rollers,  moved  by  a 
water  wheel,  till  it  is  of  a certain 
thicknefs ; it  is  afterwards  further 
rolled  by  hand  rollers,  to  a greater  or 
lefs  extent,  according  to  the  ufe  for 
which  it  is  intended;  the  thinneft  is 
applied  to  the  lining  of  drinking 
horns.  One  ounce  of  filver  is  often 
rolled  out  into  a furface  of  about  g 
fquare  feet,  and  its  thicknefs  is  about 
the  three  thoufandth  part  of  an  inch; 
and  hence  we  .need  not  wonder  at  the 
voi.iv.  Q filver 
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filver  being  loon  worn  off  from  the 
'lliarp  angles  of  plated  copper,  when 
it  is  rolled  to  fo  great  an  extent. 
Plated  copper  has,  of  late  years,  be- 
come very  falhionable  for  the  mould- 
‘irigsot  coaches,  and  for  the  buckles, 
■rings,  &c.  of  horfe  harnefs.  It  might 
•be  ufed  very  advantageoully  in  kit- 
chen utenfils,  by  thole  who  dillike 
the  ufe  of  tinned  copper,  and  cannot 
afford  to  be  at  the  expence  of  filver 
faucepans,  &:c.  The  filver,  inllcad 
of  being  rolled  on  the  copper  to  fo 

■ oreat  a thinnefs  as  it  is  in  molt  works, 
might  be  left  in  kitchen  furniture 

•'confiderably  thicker,  fo  that  an  ounce 
of  filver  might  be  fpread  over  one 
fquare  foot;  the  filver  coating  would 
- in  this  cafe  Hill  be  very  thin,  yet  it 

■ would  lalt  a long;  time.  -Fire  docs 
•not  confuine  filver,  and  thewallein 

. thick- 
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thicknefs,  which  a piece  of  plate 
■fuftains  from  being  in  conftant  ufe 
for  a century,  is  not  much;  as  may 
be  collefted  from  comparing  the  pre- 
fenc  weight  of  any  piece  of  college 
plate.,  which  has  been  daily  ufed,  with 
the  weight  it  had  an  hundred  years 
ago. 

I do. not  know  whether  any  attempt 
has  ever  been  made  to  plate  copper 
with  tin  inftead  of  filver ; I am  aware 
of  fome  difficulty,  which  might  at- 
tend the  operation,  but  yet  it  might, 
I think,  be  performed;  and  if  it 
could,  we  might  then  have  copper 
veffels  covered  with  a coat  of  tin  of 
any  required  thicknefs,  which  is  the 
great  defideratum  in  the  prefent  mode 
of  tinning:  but  it  ought  to  be  re- 
marked, that  the  thicker  the  coat 
of  tin,  the  more  liable  it  would 
0 2 be 
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be  to  be  naelted  off  the  copper  by 
ftrong  fires. 

The  art  of  plating  copper  has  not 
been  long  pradlifcd  in  England  j nor 
do  I know  whether  it  was  pradiCed 
at  an  earlier  period  in  any  other 
country ; for  the  Roman  method  of 
filvering  copper  was  different,  I 
think,  from  that  now  in  ufe.  Tho- 
mas Bolfever  of  Sheffield,  in  the  year 
1742,  was  the  firft  perfon  in  England 
who  plated  copper;  it  was  applied 
by  him  to  the  purpofes  only  of  mak- 
ing buttons  and  fnuff  boxes : foon 
aiter  it  was  ufed  for  various  other 
works;  a perfon  of  the  name  of  Hoy- 
land,  at  Sheffield  was  the  firft  who 
made  a plated  candleftick. 

What  is  commonly  called  French 
plate,  is  not  to  be  confounded  with 
the  plated  copper  of  wlxich  we  have 

been 
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been  fpeaking  •,  - for  though  both 
thefe  fubftances  confift  of  copper 
covered  with  a thin  coat  of  real  fil- 
ver,  yet  they  are  not  made  in  the 
fame  way.  In  making  French  pkte» 
copper,  or  more  commonly  brafs,  is 
heated  to  a certain  degree,  and 
/ea/  is  applied  tipon  the  heated  me- 
tal, to  which  it  adheres  by  being 
rubbed  with  a proper  burnifher.  It 
is  evident,  that  the  durability  of  the 
plating,  muft  depend  on  the  number 
of  leaves  which  are  applied  on  the  fame 
quantity  of  furface.  For  ornaments 
which  are  not  much  ufed,  ten  leaves 
may  be  fulEcient;  but  an  hundred 
will  not  laft  long,  without  betraying 
the  metal  they  are  defigned  to  cover, 
if  they  be  expofed  to  much  handling 
or  frequently  walked.  After  the 
fame  manner  may  gold  leaf,  be  fixed, 
O 3 either 
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cithir  on  iron  or  copper.  Gold  is 
applied  pn  filver,  by  coating  a filver 
rod  with  gold  leaf;  and  the  rod  be- 
ing afterwards  drawn  into  wire,  the 
gold  adheres  to  it ; the  fmalleft  pro- 
portion of  gold,  allowed  by  ad  of 
parliament,  is  loo  grains  to  5760 
grains  of  filver ; and  the  belt  double- 
gilt wire  is  faid  to  have  about  20  grains 
more  of  gold  to  the  fame  quantity 
of  filver*.  It  has  been  calculated,, 
that  when  common  gilt  wire  is  flat- 
ted, one  grain  of  gold  is  ftretched  on 
the  flatted  wire  to  the  length  of  above 
401  feet,  to  a furface  of  above  loo- 
fquare  inches,  and  to  the  thinnefs  of 
the  492090th  part  of  an  inch:  and 
M.  de  Riaumur  fays,  that  a grain  of 
gold  may  be  extended  to  2900  feet,, 
and  cover  a furface  of  more  than  1400 

fquare; 

Lewis  Com.- Phil.  p.  ss* 
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fqaare  inches  ^ and  that  the  thick* 
nefs  of  the  gold,  in  the  thinneft  parts 
of  fome  gilt  wire,  did  not  exceed  the 
fourteen  millionth  part  of  an  inch  *. 
The  gold,  when  thus  applied,  is 
thinner  than  when  filver  is:  gilt  in 
the  following  manner,  which  is  yet 
reckoned  one  of  the  cheapeft , ways, 
and  is  ufed  in  making  various  toys. 
Gold  is  diflblved  in  aqua  regia',  and 
linen  rags  being  dipped  into  the  folu- 
tion,  they  take  up  fome  particles  of 
gold ; the  rags  being  burned  to  afhes, 
and  the  alhes  being  rubbed  on  the 
filver,  the  gold  adheres  to  it,  and  is 
rendered  vifible  by  being  well  bur- 
n idled. 

• Id.  6o. 
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ESSAY  VI. 


Of  gilding  in  Or  MouJu. — Of  the 
Ufe  of  ^ickfher  in  extraSling 
Gold  and  Silver  from  Earths, 
<^0f  Boerhaave’s  Experiments^ 
en  ^ickflver.  — Of  flvering- 
JLooking-GlaJfes  j and  of  the  Eime 
'when  that  Art  was  difcovered. 


There  is  another  method  of 
applying  gold  on  copper  or  fil- 
yer,  which  is  much  pradiled  5 it  is 

called 
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called  gilding  in  Or  Moulu.  Qiiick- 
filver  diflblves  gold  with  -great  faci- 
lity: if  you  fpread  a gold  leaf  (not 
what  is  called  Dutch  leaf,  which  is 
made  of  brafs)  on  the  palm  of  your 
hand,  and  pour  a little  quickfilver 
upon  it,  you  will  fee  the  quickfilver 
abforbing  the  gold,  juft  as  water  ab- 
forbs  into  its  fubftance  a piece  of  fait 
or  fugar.  Perfons  who  have  taken 
mercurial  preparations  internally,  fel- 
dom  fail  to  obferve  the  readinefs  with 
which  the  mercury  tranfudes  through 
their  pores,  attaching  itfelf  to  the 
gold  of  their  watches,  rings,  fleeve- 
buttons,  or  ear-rings,  and  rendering 
them  of  a white  colour.  A piece  of 
gold,  of  the  thicknefs  even  of  a gui- 
nea, being  rubbed  with  quickfilver, 
is  foon  penetrated  by  it,  and  thereby 
made  fo  fragile,  that  it  may  be  broken 
' be- 
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between  the  fingers  with  eafe : and  if 
more  quickfilver  be  added,  the  mix- 
ture will  become  a kind  of  pafte,  of 
different  degrees  of  confiftence,  ac- 
cording to  the  quantity  of  quick- 
filver which  is  ufed.  A piece  of  this 
pafte  is  fpread,  by  ways  well  known 
to  the  artifts,  upon  the  furface  of  the 
copper  which  is  to  be  gilded  in  or 
mouluy  and  the  metal  is  then  expofed 
to  a proper  degree  of  heat:  quick- 
filver may  be  evaporated  in  a far  lefs 
degree  of  heat,  than  what  is  required 
to  melt  either  gold  or  copper;  when 
therefore  the  mixture  of  gold  and 
quickfilver  is  expofed  to  the  adioa 
,of  fire,  the  quickfilver  is  driven  off 
in  vapour;  and  the  gold,  not  being 
fufceptible  of  evaporation,  remains 
attached  to  the  furface  of  tlie  copper, 
and  undergoing,  the  operations  of 

bur- 
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burnifhing,  &c.  too  minute  to  be  tfc- 
fcribed,  becomes  gilt.  This  method 
of  gilding  copper,  by  means  of  quick- 
filver.  and  gold,  was  known  to  the 
Romans  Quickfilver  will  not 
unite  with  iron,  yet  by  an  eafy  ope* 
ration,  the  foundation  of  which  has 
been  mentioned  (Vol.  I.  ElT.  VI.), 
iron  may  be  gilded  in  the  fame  way, 
that  copper  or  filver  may.  The  iron 
is  firft  to  be  made  bright,  and  then 
immerfed  in  a folution  of  blue  vi- 
triol, its  furface  will  thereby  become 
covered  with  a thin  coat  of  copper, 

and 

• jEs  inaurari  argento  vivo,  aut  certe  hy- 
drargyro,  legitimum  erat.  Plin.  Hilt.  Nat. 
L.  XXXIII.  Pliny  underltood  by  argetrtum 
<uivum,  native  quickfilver,  which  is  found 
in  a fluid  Hate  in  many  mines ; and  by  by' 
drargyrum,  he  underllood  quickfilver  feparat- 
ed  froift  its  ore  by  fire ; they  are  the  lame 
fubftance. 


( 221  ) 

and  it  will  then  admit  the  gilding  as 
if  its  whole  fubftance  was  copper. 

It  is  this  property  which  quickfil- 
ver  has  of  uniting  itfelf  with  gold, 
and  it  does  the  fame  with  filver,  which 
has  rendered  it  of  fuch  great  ufe  to 
the  Spaniards  in  America.  They  re- 
duce the  earths  or  ftones,  containing 
gold  or  filver  in  their  metallic  ftates, 
,into  a very  fine  powder*,  they  mix 
this  powder  with  quickfilver*,  and 
the  quickfilver,  having  the  quality  of 
uniting  itfelf  with  every  particle  of 
thefe  precious  metals,  but  being  inca- 
pable of  contrafting  any  union  with 
any  particle  of  earth,  extrafts  thefe 
metals  from  the  largeft  portions  of 
earth.  The  quickfilver  which  has 
abforbed  either  gold,  or  filver,  or  a 
mixture  of  both,  is  feparated  from 
the  fubftance  it  has  abforbc;d  by  eva- 
poration j 
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paratiorj;  the  quickfilver  -flies  off  in 
vapour,  and  the  fubflance  remains  in 
the  veflcl  ufed  in  the  operation.  Wc 
have  no  mines  of  mercury  in  Eng- 
land ; Sir  ’John  Pettus,  indeed,  fays, 
.that  a little  cinnabar  is  now  and  then 
met  with  in  our  copper  mines  and 
Mr.  Pennant  obferves,  that  quick- 
filver  has  been  found  in  its  native 
ftate  on  the  mountains  of  Scotland; 
and  I have  been  fliewn  a piece  of  clay, 
faid  to  have  been  dug  ntzx  Bertvick^  in 
which  there  were  fome  mercurial  glo- 
bules-, but  there  are  no  works  at 
prcfent,  where  mercury  is  procured 
in  any  part  of  Great  Britain:  nor  are 
there  many  mines  of  mercury  in  any 
part  of  the  world.  In  the  Philofo- 
phical  Tranfadions  for  j 665,  we  have 
.an- account  of  the  quickfilver  mines 
Qildriay  a town  fituated  in  the  coun- 
try 
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fry  anfciently  called  Forum  Juliit  now 
Padria  de  Friouli,  fubject  to  the  re- 
~gency,  and  included  in  the  circle  of 
the  lower  Auftria  in  Germany.  Thefe 
mines  have  been  cohftantly  wrought 
for  above  280  years,  and  are  thought, 
one  year  with  another,  to  yield  above 
100  tons  of  quickfilver.  In  Hungary 
alfo,  there  are  mines  which  yield 
quickfilver,  but  not  fo  copioufly  now 
as  formerly.  Alonfo  Barba  mentions 
fome  quickfilver  - mines  in  America 
near  Potofi  *,  which,  he  fays,  God  Al- 
mighty provided  to  fiipply  the  lofs 
-of  this  mineral,  which  is  verv  con- 
fiderable  in  extrafting  the  filver  from 
the  earths  and  ftones  with  which  it  is 
mixed:  but  the  mines  of  Almaden  in 
Spain  are  the  richeft,'  and  probably 

have 

• Treatife  on  Metals,  &c.  by  Alonfo  Bar- 
ba, Eng.  Tranf.  p.  iiz. 
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have  been  wrought  for  the  longeft 
time  of  any  in  the  world.  Pliny 
fpeaks  of  the  cinnabar  which  the  Ro- 
mans, with  fo  much  jealoufy,  an. 
nually  fetched  from  Spain,  and  ’tis 
very  probable  that  they  had  it  from 
Almaden.  M.  Jufficu  informs  us*, 
that  in  1717,  there  remained  above 
1200  tons  of  quickfilver  in  the  ma- 
gazines at  Almaden,  after  a great 
deal  had  been  fent  to  Seville  in  order 
to  be  exported  to  Peru^  where  the 
quickfilver,  which  is  loft  in  extraft- 
ing  the  filver,  is  faid  to  be  at  Icaft 
equal  in  weight  to  the  filver  which  is 
cxtradled.  From  j 574,  when  they 
began  to  regifter  the  quickfilver, 
which  came  to  Potoji  upon  the 
king  of  Spain’s  account,  to  the  year 
3640,  there  had  been  received,  ac- 
cording 

* Hift.  dc  r Acad,  dcs  Scien.  1719. 
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cording  to  Alonfo  Barba,  204600 
quintals,  befides  a vaft  quantity  irre- 
gularly brought  in  upon  other  ac- 
counts. This  application  of  quick- 
filver  to  the  extraflion  of  gold  and 
■filver  from  the  earths  in  which  they 
are  found,  has  rendered  the  confump- 
tion  of  it  far  more  confiderable  fincc 
the  difcovery  of  the  American  mines, 
than  it  was  amongi'l  the  ancients. 
Hoffman  forms  a calculation,  and  con- 
cludes, that  fifty  times  as  mucli  gold 
as  quickfilver  was  annually  extracted 
from  the  bowels  of  the  earth : Cra- 
mer* admits  the  truth  of  this  calcu- 
lation, but  infinuates  a lufpicion 
worth  attendino;  to  — that  mercurv 
may  often  exifi  in  minerals,  and  yet 
nor  be  difcovered  by  miners;  fince 
in' the  open  fires  in  w'hich  minerals, 
• whole 

• Ars  Doclhi.  Cram.  Vol.  I.  p.  231. 
-VOL.  IV.  L' 
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whofe  properties  are  not  known,  arc 
ufually  examined,  the  mercury  would 
fly  off  in  fume.  Earths  or  minerals 
of  any  kind,  containing  mercury,  are 
moft  accurately  affayed  by  diftilling 
them  with  iron  filings;  but  whether 
a mineral  contains  mercury  or  not, 
.may  be  eafily  difeovered,  by  ftrewing 
it,  when  powdered,  on  a plate  of  hot 
iron,  or  on  a hot  brick  covered  with 
iron  filings,  and  inverting  over  it  a 
glafs  of  any  kind ; the  mercury,  if 
the  mineral  contains  any,  will  afeend 
and  attach  itfclf  in  fmall  globules  to 
the  fide  of  the  glafs.  Mercury  - is 
divided  by  the  writers  of  fyftems 
of  mineralogy,  into  native  mercury^ 
and  mercury  miner alijed  by  fulphur: 
native  mercury  is  found  in  its  running 
ftate,  and  quite  pure.,  as  it  is  faid 
(though  this  may  be  doubted  from 

the 
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%he  facility  with  which  mercury  dif- 
folves  gold,  and  filver,  and  other 
metals)  in  the  mines  of  Tdriaj  Alma- 
detit  it  is  more  frequently, 

■however,  imbedded  in  calcareous 
earths,  or  clays  of  different  colours, 
from  which  it  may  be  feparated  either 
by  trituration  and  lotioii,  the  firialler 
globule's  coalefcifig  by  mutual  con- 
ta61;  into  larger;  or  by  diftillation. 
The  runniiio;  native  mercurv-,-  which 
requires  fto  procefs  for  its  extracciori, 
is  more  efteemed,  and  thought  to 
have  fome  peculiar  properties  which 
do  not  belong  to  that  obtained  by 
fimple  diftillation,  though  they  both 
come  under  the  deftomihation  of  vir- 
gin mercury.  Mercury  minerali'fed 
by  fulphur,  is  called  cinnahUr^  whicli 
fome  fay  is  an<African  word  denoting 
f*  2 tke 
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the  blood  of  a dragon*.  Cinnabar  is 
the  moft  common  ore  of  mercury,  it 
is  found  in  an  earthy  form  refembling 
red  ochre,  fometimes  in  an  indurated 
ftate,  and,  though  generally  red,  it 
hath  been  obferved  of  a yellovvifli  or 
biackiHa  call;  it  is  moftly  opakc,  but 
fome  pieces  are  as  tranfparent  as  a 
ruby.  This  ore  confills  of  mercury 
and  fulphur  combined  together  in 
different  proportions  •,  fome  cinna- 
bars yielding  as  far  as  7,  other  not 
3 parts  in  S of  their  weight  of  mer- 
cury. Sulphur  and  mercury,  being 
both  volatile  in  a fmall  degree  of 
heat,  would  rife  together  in  diftilla- 
tion,  unlefs  fome  fubftance,  fuch  as 
quicklime  or  iron  filings,  was  added 
to  the  cinnabar,  which,  by  its  fupe- 
rior  affinity,  unites  itfclf  with  and 

de- 
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detains  the  fulphur;  whilfi;  the  me r-’ 
cury,  not  being  able  to  fupport  the 
heat,  is  elevated  in  vapour,  and  con- 
denfed  in  various  v/ays  in  different 
works.  It  fometirnes  happens,  that 
the  Goarfer  cinnabarine  ores  are  fa 
much  mixed  with  calcareous  earth, 
that  they  require  no  -addition  in  or- 
der to  effeft  the  reparation  of  mer- 
cury from  fulphur;  this  is  the  cafe 
in  the  mines  of  Almaden,  Xhe  finer 
kinds  of  cinnabar,  bearing  a much 
higher  price  than  mercury  itfelf,  are 
u ^ h t f o r mercury,  but  ei- 
ther ufed  in  medicine,  or  wiien  levi- 
gated, under-  the  name  of  'vsyujilioH 
in  painting;  and  often  by  the  women 
as  a fubditute  for  carmine,  which  is 
prepared  from  cochineal.  Native  cin- 
nabars  are  often  .mixed  with  iinall 
portions-  of  arfenical,  vitriolic,  or 
P 3 earthy 
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earthy  fubftances,  whence  they  be- 
come of  uncertain  or  dangerous  effi- 
cacy in  medicine;  for  this  reafon.- 
Geoffrey  recommends  the  ufe  of  fac- 
iithus  cinnabar^  and  the  native, 
though  formerly  in  great  repute,  has-  ® 
been  left  out  of  modern  difpenfato- 
Ties.  The  fineft  cinnabar  we  know 
®f  is  brought  from  yapan-,  though' 
there  is  great  reafon  to  believe,  that 
the  Dutch  impofe  upon  the  world  a 
home  manufadure,  under  the  name 
of  Japan  cinnabar.;  the  trade  for 
gold,  copper,  and  cinnabar  to  Japan 
is  exceeding  lucrative,  and  I believe 
wholly,  as  to  Europe,  in  the  hands 
'of  the  Dutch. 

Thofe,  who  are  acquainted  with 
the  difficulty  of  making  chemical 
experiments,  will  admire  the  great 
patience  and  induftry  with  which 

Boer^ 
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Boerhaave  inveftigated  the  nature  of 
mercury.  He  was  induced  to  un- 
dertake this  tafk,  from  a defire  of 
verifying,  or  refuting  the  dodtrines  of 
the  alchemvfts.  Tliefe  adepts  had 
taught,  that  mercury  was  the  matter 
of  which  all  metals  confided  and 
that  if  it  could  be  cleanfed  from  fome 
original  impurities,  with  which,  even, 
in  its  virgin  date,  they  held  it  to  be 
polluted,  it  would  then  become  fit 
nutriment  for  the  feed  of  every  me- 
tallic  fubftance : for,  accordino;  tO’ 
them,  every  metal  fprung  from  its 
peculiar  feed,  which,  when  it  met 
with  its  -pabulum^  in  a proper 
matrix,  attended  with  a due  foftering 
heat,  by  a vivifying- principle  multi- 
plied itfelf,  and  received  an  augmen- 
tation of  parts,  in  a manner  funilar 
to  that  by  which  plants  and  animals 
P 4 are 


( 232  ) 

are  dilated  in  their  dimenfions.  The 
inveftigation  of  nature  is  infinire, 
every  age  adds  fomewhat  to  the 
common  (lock,  which  renders  the 
labours  of  preceding  ages  wholly  ufe- 
kfs.  We  no  longer  trouble  ourfelves 
with  the  works  of  the  alchemifts 
which  remain,  nor  do  we  regret  futh 
of  them,  as  have  been  devoured  bv 
time,  or  were  burned  by  the  order  of 
Diocletian nay,  even  the  Herculean 
labours  of  Boerhaave  are  become  lefs 
Interefting  to  us,  and  probably  never 
would  have  been  undertaken  by  him, 
had  he  been  aware,  that  mercury 
would,  in  a proper  degree  of  cold, 
become,  like  other  metals,  folid  and 
malleable.  Tn  the  Tranfaftions  of 
our  Royal  Society  for  the  year  1733, 
we  meet  with  Boerhaave’s  firft  difier- 
tation  upon  mercury : his  firft  expe- 
riments 
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fiments  refpeft  the  change  which  the 
pureft  mercury  undergoes  from  con- 
tinual agitation;  he  included  two 
ounces,  which  had  been  diftilled 
above  6o  times,  in  a clean  bottle, 
and  faftening  the  bottle  to  the  ham- 
mer of  a fulling  mill  which  was  al- 
moft  conftantly  going,  found  in 
about  eight  months  time  above  one 
eighth  of  the  fluid,  fplendid,  infipid 
mercury,  changed  into  a black  pow- 
der, of  an  acrid  braffy  tafl,e.  He 
next  digefted  mercury  in  a igentle 
heat  (i8o°  of  Fahrenheit’s,  ther.)  and 
found  it,  in  a few  months,  changed 
into  a powder,  flmilar  to  what  had 
been  produced  by  agitation  ; both 
thefe  powders  in  a greater  degree  of 
heat  were  revivified,  or  became  run- 
ning mercury  again.  Fie  then  en- 
quired into  the  change  which  repeat- 
' ' ed 
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ed  diftillation  could  produce;  after 
each  operation  he  found  a red  acrid 
powder  remaining  in  the  retort ; and 
he  obferves,  that  this  powder  was  as. 
copioufly  feparated,  after  the  mer- 
cury had  been  above  500  times  di- 
ftilled,  as  at  firft;  and  thence  rea- 

I 

Ibnably  concludes,  that  k ought  ra- 
ther to  be  attributed  to  a change  of 
the  mercury  kfelf,  than  to  any  im- 
purity contained  in  it.  This  pow- 
der, like  the  preceding,  by  a fupe- 
rior  degree  of  heat  became  running 
mercury;  except  about  a 72d  part,, 
which,  though  fixed  in  a ftrong  fire 
and  vitrifiable  with  borax,  could  not 
liipport  the  adtion  of  lead,  but  va- 
nilhed  entirely,  leaving  no  figns  of 
any  metallic  fubftance  upon  the  cu- 
pel : this  (hews  the  little  probability 
of  converting  mercury  into  gold  or 

filver 
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f’lver  by  the  a<5bion  of  a violent  nre^ 
In  the  following  year  he  prefented  a 
memoir  to  the  Royal  Academy  of 
Sciences  at  Paris,  upon^  the  fame  fub- 
je6t.  We  there  learn,,  that  mercury 
kept  in  digeftion  for  1 5 years,  with, 
a conftant  heat  of  100  degrees,  was. 
not  fixed,  nor  any  how  changed,  ex- 
cept that  a little  black  powder  (whicli 
by  fimple  grinding  in  a mortar  be- 
came running  mercury)  was  found 
floating  upon  its  furface.  Hence  is 
inferred,  the  impoflibility  of  mer- 
cury’s being  changed  in  the  bowels 
of  the  earth  into  any  other  metal,  the 
heat  in  mines  fcarcely  ever  amount- 
ing to  100°.  Though  it  might  be 
impoflible  to  change  mercury  into  a 
metal,  yet  the  philofophers  by  fire 
contended,  that  mercury,  united  to  a 
particular  kind  o-f  fulphur,  entered 

into 


( 236  ) 

into  the  compofition  of  all  metals-, 
and  might  by  art  be  cxtrafted  from 
them;  lead  was  of  all  others  thought 
the  molt  likely,  and  the  experiment 
had  been  reported  to  fucceed  by  Van 
Ilelmont^  and  others ; but  Boerhaave 
is  pofitive,  that  nothing  can  be  ex- 
pefted  from  its  combination  with 
laits,  and  lead,  or  tin.  It  was  ftill 
thought  by  the  alchemifts,  that  mer- 
curv  could  never  be  freed  from  its 

4 

original  imputity,  but  by  beingjoin- 
ed  to  fome  pure  body  of  the  fame 
nature  with  itfelf,  this  they  thought 
gold  and  filver  to  be.  Boerhaave, 
in  order  fully  to  fubvert  their  high 
prctenfions,  gave  into  the  Royal  So- 
ciety another  paper  in  the  latter  end 
of  the  year  1736,  containing  an  ac- 
count of  the  Linchangeablenefs  botli 
of  mercury  and  gold,  how  often  foever 

they 
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they  were  diftilled  together.  He  re- 
peated the  diftillation  of  mercury 
from  gold  above  850  times  the 
mercury  was  not  in  any  refpect 
changed ; its  fpecific  gravity  was  the 
fame  as  at  firft,  nor  had  it  loft  the 
property  of  being  converted  into  a 
red  powder  by  a due  degree  of  heat. 
Thefe  were  all  the  tracts  which  were 
publiftied  during  the  life-time  of 
Boerhaave ; he  died  in  September, 
1738,  and  left  his  papers  to  his  two 
brothers,  and  after  their  deaths,  they 
fell  into  the'  hands  of  Charles  Fre- 
deric Krufc,  phyfician  to  the  Em- 
prefs  of  Ruftla ; this  gentleman 
hath  publiflied  a fhort  excradt  froin 
Boerhaave’s  Diary,  and  promifes  a 
fuller  account  of  ftill  more  laborious 
operations.  We  learn  from  this  ex- 
. . tradt. 
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tra6l  *,  that  Boerhaave  had  diftilled 
•the  fame  mercury  1009  times,  and 
its  fpecific  gravity  was  to  that  of  wa^ 
ter,  as  1 : i •,  whilll  that  which 
liad  been  but  once  diflilled  was  as 
^3-iVo- • •;  ^ difference- which  may 
•cafily  be  attributed  to  the  different 
temperatures  of  the  air  when  the  ex- 
periments were  made,  or  to  other 
accidental  circumftances,  which  the 
accuracy  of  Gravefande^  with  whom 
he  made  tlte  experiment,  could  not 
provide  againff. 

The  mixture  of  quickfilver  with 
gold,  or  filver,  or  lead,  or  tin,  or 
copper,  or  any  other  metallic  fub- 
llance  with  which  it  is  capable  of 
uniting,  is  called  an  amalgam^  and 
■the  operation  by  which  the  union 

• - is 

• Novi  Commen.  Petropo.  Tom.  IX.  p. 
581. 
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Is  effecbed,  is  called  amalgamation. 
'Authors  are  not  agreed  as  to  the 
derivation  of  the  word  amalgam, 
fome  think  that  it  is  compofedj  of 
two  Greek  words  («/«.«  and  yaiiAin) 
by  which  the  intimate  union,  or  mar- 
riagCi  as  it  were,  of  the  two  metals  is 
denoted  ; others  are  of  opinion,  that 
it  ought  to  be  written  a malagma,  and 
that  it  is  derived  from  a Greek  word 
fignifying  to  foften,  inaf- 
much  as  the  metal,  be  it  what  it  mav, 
is  always  Ibftened  by  its  union  with 
the  mercury.  An  amalgam,  made 
•of  four  parts  of  tin  and  one  of  quick- 
filver,  in  the  form  of  a ball,  is  ufed  by 
fome  under  the  pretence  of  purifying 
water;  it  cannot,  I think,  contribute 
in  any  manner  to  that  end ; but  as 
the  ball  is  always  boiled  in  the  wa- 
ter, the  feeds  of  vegetables,  or  the  filh 

Ipawn, 
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fpawn,  or  the  animalcules,  &c.  with 
which  water  is  often  polluted,  may 
be  precipitated  by  the  action  of  boil- 
ing. But  there  is  another  purpofe  to 
which  a mixture  of  tin  and  quiclc- 
filver  is  applied  with  great  utility  — 
the  fUvering  of  looking-glafies. 

1 in  may  be  beat  out  into  leaves 
not  thicker  than  paper,  called  foils  ; 
on  tin  foil,  fitly  dii'pofed  on  a flat 
table,  quickfilver  is  poured,  and 
gently  rubbed  with  an  hare’s  foot; 
it  foon  unites  itfelf  with  the  tin, 
which  tlien  becomes  very  fplendid, 
or,  as  the  workmen  fay,  is  quicken- 
ed : a plate  of  glafs  in  then  cautioufly 
Aid  upon  the  tin  leaf,  in  fuch  a man- 
ner as  to  fvveep  off  the  redundant 
•quickfilver,  which  is  not  incorpo- 
rated with  the  tin  : leaden  weights 
are  then  placed  on  the  glafs,  and  in  a 

little 
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little  time  the  quickfilvered  tm-foil 
adheres  fo  firmly  to  the  glafs,  that 
the  weights  may  be  removed  without 
any  danger  of  its  falling  off.  The 
glafs  thus  filvered  is  a common 
looking-glafs.  About  two  ounces 
of  quickfilver  are  fufficient  for  co- 
vering three  fquare  feet  of  glafs. 

It  is  generally  believed,  that  the 
art  of  making  looking-glaflesi  by  ap- 
plying to  their  back  furface  a metal- 
lic covering,  is  a very  modern  inven- 
tion. Muratori  exprefsly  fays,  that 
glafs  fpecula,  fuch  he  means  as  are 
now  in  ufe,  are  not  of  any  great  an- 
tiquity. -i-  Serse  autem  antiquitati 
novimus  fuilTe  jpecula^  quorum  ufus 
nunquam  defiit;  fed  eorum  fabricam 
apud  Iralos  unice  forfan  Veneti  per 
tempora  multa  fervarunt  et  adhuc  fer- 
vant;  .qu£e  tamen  alio  tranflata  nunc 

VOL.  IV. 
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in  aliis  quoque  regnis  floret  The 
authors  of  the  French  Encyclopedic  i" 
-have  adopted  the  fame  opinion,  and 
•quoted  a Memoir  printed  in  the  23d 
vol.  of  the  Academy  of  Infcriptions, 
&c.  — II  eft  d’  autant  plus  etonnant 
que  Ics  anciens  n’  aient  pas  connu 
1’  art  de  rend  re  le  verre  propre  a con- 
fervir  la  reprefentation  des  objets,  en 
appliquani  I’etain  derriere  les  glaces, 
que  les  progres  de  la  dccouverte  du 
verre  furent,  chez  eux,  poufles  fort 
loin.— Mr.  Nixon,  in  fpeaking  of  the 
■glafs  fpecula  of  the  ancients,  fays, 
“ before  the  applicatioa  of  quick- 
filver  in  the  conftrudlion  of  thefe 
glalTcs  (which  I prefume  is  of  no 
great  antiquity)  the  refledtion  of 
images  by  fuch  fpecula,  muft  have 

been 

• Muratori  Antiq.  Vol.  II.  p.  393. 
f Art.  Miroir. 
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been  effected  by  their  being  befmear- 
ed  behind,  or  tinged  through  with  fome 
dark  colour,  efpecially  black*.”  I 
have  beftovved  more  time  in  fearching 
out  the  age  in  which  the  applying  a 
metallic  covering  to  one  fide  of  a 
iooking-glafs  was  introduced,  than 
the  fubjedt,  in  theeftimation  of  many, 
will  feem  to  deferve-,  and,  indeed, 
more  than  it  deferved  in  my  own 
eftimation ; but  the  difficiles  nug.t, 
the  ft ultus  labor  inept iarum,  wiien  once 
the  mind  gets  intangled  with  them, 
cannot  be  cafiiy  abandoned : one  feels, 
moreover,  a fingular  reludtance  in 
giving  up  an  unfuccefsful  purfuit. 
The  reader  would  pardon  the  intro- 
dudlion  of  this  reflection,  if  he  knew 
how  many  mufty  volumes  I turned 
over  before  I could  meet  with  any 

infor- 

• Philof.  Tranf.  1758,  p.  602. 
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information  which  could  fatisfy  me, 
in  any  degree,  on  this  fubjeft ; 1 am 
not  yet  quiu  faiisfied,  though  1 take 
the  liberty  to  fay,  in  oppofition  to 
Muratori,  and  the  other  refpcftable 
authorities  which  1 have  quoted,  that 
the  applying  a metallic  covering  to 
looking-glafles  is  not  a modern  in- 
vention-,—it  is  probable  it  was  known 
in  the  firft  century,  if  not  fooner, 
and  it  is  certain,  I apprehend,  that 
it  was  known  in  the  fecond. 

The  Romans,  before  the  time  of 
the  younger  Pliny,  not  only  ufcd 
glafs,  inftead  of  gold  and  filver,  for 
drinking  velTcls,  but  they  knew  how 
to  glaze  their  windows  with  it,  and 
they  fixed  it  in  the  walls  of  their 
rooms  to  render  their  apartments 
more  pleafant.  Now  a piece  of  flat 
glafs,  fixed  in  the  fide  of  a room,  is  a 
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fort  of  lookiiig-glafs,  and  if  the  ftucco 
into  which  it  is  fixed,  be  of  a dark 
colour,  it  will  not  be  a very  bad  one. 
And  hence  I think  the  Romans  could 
not  fail  of  having  a fort  of  glajs  fpe- 
cula  in  ufe : but  this,  though  admit- 
ted, does  not  come  up  to  the  point; 
the  queftion  is.  Whether  they  covered 
the  pofterior  furface  of  the  glafs  with 
a metallic  plate  ? It  has  been  obfcrv- 
ed  before,  that  the  Romans  knew 
how  to  make  a pafte  of  gold  and 
quickfilver,  and  it  appears  from  Pliny 
alfo,  that  they  knew  hew  to  beat  gold 
into  thin  leaves,  and  to  apply  it  in 
that  ftate  both  on  wood  and  metal : 
now  there  is  a paflage  in  Pliny,  from 
whence  it  may  be  collected,  that  the 
Romans  began  in  his  time  to  apply 
a coat  of  metal  to  glafs  fpecula,  and 
that  this  coat  was  of  gold.  The 
0^3  paflage 
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paflagc  occurs  in  the  very  place 
where  Pliny  profcfles  to  finifh  all  he 
had  to  obfcrve  concerning  fpecula 
An  opinion,  fays  he,  has  lately  been 
entertained,  that  the  application  of 
gold  to  the  back  part  of  a fpcculum, 
renders  the  image  better  defined.  It 
is  hardly  poflible  that  any  one  fhould 
be  of  opinion,  that  a plate  of  gold 
put  behind  a metallic  fpeculum,  could 
have  any  effed  in  improving  the  re- 
fledfed  image  •,  but  fuppofing  Pljny 
(whole  rranfitions  in  writing  are  often 
abrupt)  to  have  pafled  from  the  men- 
tion of  metallic,  to  that  of  glafs  fpecula, 

then 

• Aiquc  ut  smnta  ci«  fpeculis  peragantur 
hoc  loco.  Optima  apud  majorcs  fucrant 
Brundufina  (lanno  et  sere  mixta.  Prselaia 
funt  argentea.  Primus  fecit  Praxiteles,  niagni 
Pompeii  setate.  Nuper  credi  cseptum  certio- 
rem  imaginem  reddl  auro  appofito  averfir* 
HiH.  Nat.  L.  XXXiil.  S.  XLV, 
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then  the  propriety  of  the  obfervation 
relative  to  the  improved  ftateof  the 
image  is  very  obvious.  If  we  fup- 
pofe  the  Romans  in  Pliny’s  age  to 
have  fimply  applied  fome  black  fub- 
ftance  to  the  back  furface  of  the 
glafs,  or  even  to  have  known  how  to 
put  tin  behind  it,  yet  the  obfervation 
' of  the  image  being  rendered  more  di- 
ftindt  by  means  of  gold,  might  have 
been  made  with  more  juftice  than  is 
generally ' fuppofed ; Buffon  is  of 
opinion,  that  a looking-glafs  made 
' with  a covering  of  gold  and  quick- 
filver,  would  refledl  more  light  than 
one  made  in  the  ordinaay  way  with 
tin  and  quickfilver*;  and  hence 

Pli- 

• Ou  poiirroit  trouver  le  moyen  de  faire 
un  meilieur  etamage,  et  je  crois  qu’ on  par- 
viendroit  en  employant  de  Tor  et  du  vif- 
argent.  Hifc.  Nat.  Buffon.  Sup.  Tom.  I.  p* 
45^* 
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Pliny’s  expreflton,  certhrem  imaginem 
reddi  auro  appofuo  averfts^  will  be  ac- 
curately true. 

Alexander  Aphrodifeus  flourifhed  to- 
wards the  end  of  the  fccond  century, 
he  wrote  fcveral  works  in  Greek,  and 
amongft  the  reft,  two  books  of  Pro- 
blems, one  of  bis  problems  is  this  j : 

Ai«  Tt  TO.  CtXiva  xot%7ilgu  X»fX7r>im  ay-av. 

Why  arc  glafs  fpccula  fo  very  rcfplcndent? 

The  only  part  of  the  anfwcr  which 
we  arc  concerned  with,  is, 

Ot»  fvJoSfP  ix'JJa  X?'*'®’* 

Becaufe  they  befmear  the  infidc  of  them 
with  tin. 

The  Greek  word  which  I have  here 
rendered  bejmear,  does  not  clearly 

point 

• AAESANAPOT  AOPOAlZEnS 

xat  fvctxx  Parifiis, 

1541. — If  there  be  any  doubt  concerning  the 
authenticity  of  thefe  problem$,  I leave  it  to 
be  difeuffed  by  the  Critics. 
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point  out  the  manner  in  which  the 
operation  of  fixing  the  tin  upon  the 
glafs  was  performed.  Pliny  ufes  a 
Latin  word  {illitum)  of  exadlly  the 
fame  import  as  this  Greek  one,  when 
he  fpeaks  of  copper  veflTcls  being 
tinned ; and  as  in  that  operation,  tin 
is  melted  and  fpread  over  the  furface 
of  the  copper,  I fee  no  difficulty  in 
fuppofing,  that  the  tin  may  have 
been,  in  the  time  of  Alexander  Aphro- 
difeus,  melted  and  fpread  over  the 
furface  of  the  glafs,  when  previoufly 
heated. 

Having  carried  up  the  invention 
of  covering  glafs  fpecula  with  a me- 
tallic coating  to  the  fecond  century, 
we  may  be  the  more  ready  to  admit  that 
the  Sydonians  poflefled  this  art,  before 
Pliny  wrote  his  Natural  Hiftory : for 
in  that  work,  he  not  only  praifes  them 

for 
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for  their  former  ingenuity  in  various 
glafs  manufactures,  but  he  adds  — 
and  they  had  invented  fpecula  alfo*. 
—Now  there  is  fome  reafon  to  think, 
that  if  the  Sydonians  had  only  in- 
vented the  art  of  ufing  a flat  piece  of 
glafs  as  a fpeculum,  without  knowing 
how  to  give  it  a metallic  coating,  on 
which  its  excellency  chiefly  depends, 
they-  would  not  have  merited  the 
mention  which  Piiny  makes  of  them; 
for  their  looking-glaflfes  muft  have 
been  inferior  to  the  metallic  mirrors 
then  in  ul'e  at  Rome.  There  feems 
to  be  but  one  objection  of  any  con- 
fequence  to  this  conclufion,  — had 
the  method  of  giving  a metallic  co- 
vering 

• Aliud  (vitrum)  flatu  figuratur,  aliud  tor- 
no  teritur,  aliud  argenti  raodo  ca^latur,  Sy- 
done  quondam  iis  ofHcinis  nobili,  fiquidem 
ctiani  fpecula  cxcogitaverat,  Hill.  Nat. 
XXXVi. 
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vering  to  plates  of  glafs  been  known, 
at  leaft  to  the  Romans,  (for  it  might 
have  been  known  \x\Afta  long  before  it 
was  known  in  Italy)  it  feems  probable, 
that  the  metallic  fpecula  would  have 
fallen  into  general  difufe,  much  fooner 
than  there  is  caufe  to  think  they  did; 
for  it  would  have  been  much  eafier 
to  make  a looking-glafs,  than  to  po- 
lifh  a metallic  mirror  •,  and  the  image 
from  the  glafs  would  have  been  fu- 
perior  to  that  from  the  metal,  and  on 
both  accounts  the  mirrors  would 
have  become  unfalhionable. 

The  firft  mode  of  fixing  a coat  of 
tin  on  a looking-glafs,  I fufpedl  to 
have  been  that  of  pouring  the  melted 
metal  on  the  glafs;  and  1 have  fome 
reafon,  not  now  to  be  infilled  on,  to 
think,  that  this  mode  was  not  difufed 
in  the  fourteenth  century.  — Baptijla 

Forta 
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Porta  lived  in  the  fifteenth,  and  died 
towards  the  beginning  of  the  fixteenth 
century;  he  gives  us  a very  accurate 
dcfcription  * of  the  manner  in  which 
looking-glaffes  were  then  filvered  ; it 
differs  from  that  rjow  in  ufe  only  in 
this,  that  the  tin-foil,  when  filvered, 
was  taken  up  and  gently  drawn  upon 
the  glafs.  y.  Maurice  Hoffman  pub- 
lifhed  his  Aola  Laboratorii  Chemici  in 
1719;  he  there  fpeaks-f  of  a mix* 
ture  of  1 part  of  tin  with  3 of  quick- 
filver,  which  fometime  ago,  he  fays, 
was  ufually  applied  to  the  back  fur- 
faces  of  looking-glaffes ; although 
the  Venetians  did  then  make  looking- 
glaffes  by  pouring  quickfilver  upon 
tin-foil  placed  on  the  back  furfacc 
of  the  glafs,— This  mode  of  filvering 

the 

♦ Magia  Nat.  L.  IV.  C.  XVIII. 
d Pag.  245. 


( 253  ) 

the  glafs  was  not  then  invented  by  the 
Venetians^  as  appears  from  what  Bap- 
tifta  Porta  had  advanced  above  two 
■hundred  years  before;  though  the 
mode  of  filvering  the  tin-foiljwhen  laid 
upon  the  glafs,  was  an  improvement 
on  that  prefcribed  by  Baptifta  Porta, 
•juft  as  the  mode  now  in  ufe,  is  a 
great  improvement  on  that  pradtifed 
by  the  Venetians  in  the  time  of  Hoff- 
man. 

The  . men  who  are  employed  in 
filvering  looking-glalTes  often  become 
paralytic,  as  is  the  cafe  alfo  with 
thofe  who  work  in  quickfilver  mines; 
this  is  not  to  be  wondered  at,  if  we 
may  credit  Mr.  Boyle,  who  alfures 
' us,  that  'mercury  has  been  feveral 
times  found  in  the  heads  of  artificers 
expofed  to  its  'fumes*.  In  the  Phi- 

fophical 

* Boyle’s  Works,  Vol.  III.  p.  330. 
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iofophical  Tranfa6tions*,  there  is  an 
account  of  a man,  who  having  ccafed 
working  in  quickfilver  for  fix  months, 
had  his  body  dill  fo  impregnated 
with  it,  that  by  putting  a piece  of 
copper  into  his  mouth,  or  rubbing  it 
with  his- hands,  it  indantly  acquired 
a filver  colour.  This,  though  a fur- 
prifing,  is  not  a fa6t  of  a Angular 
■nature;  it  is  well  known,  that  ful- 
phur,  taken  inwardly,  will  blacken 
filver  which  is  carried  in  the  pocket’, 
and  I have  fomewhere  read  of  a man 
whofc  keys  were  ruftcd  in  his  pocket, 
from  his  havins  taken,  for  a long 
time,  large  quantities  of  diluted  acid 
of  vitriol.  I remember  having  feen 
at  Birmingham,  a very  ftout  man 
rendered  paralytic  in  the  fpace  of  fix 
months,  by  being  employed  in  fixing 

an 

• 1665. 
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an  amalgam  of  gold  and  quickfilver 
on  copper  •,  he  ftood  before  the 
mouth  of  a fmall  oven  ftrongly  heat- 
ed, the  mercury  was  converted  into 
vapour,  and  that  vapour  was  inhaled 
- by  him.  A kind  of  chimney,  I be- 
lieve, has  of  late  been  opened  at  the 
farther  fide  of  the  oven,  into  which 
the  mercurial  vapour  is  driven,  and 
thus  both  the  mercury  is  faved,  and 
the  health  of  the  operator  is  attended 
to.  The  perfon  I faw  was  very  fen- 
fible  of  the  caufe  of  his  diforder,  but 
had  not  courage  to  withftand  the 
temptation  of  high  wages,  which  en- 
abled him  to  continue  in  a ftate  of 
intoxication  for  three  days  in  the 
week,  inftead  of,  what  is  the  ufual 
praftice,  two. 
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ESSAY  VII. 


Of  the  tranfmutability  of  V/ater 
into  Earth. 


O I R Ifaac  Newton  and  Dr.  Bentley 
^ met  accidentally  in  London;  and 
on  Sir  Ifaac’s  inquiring  what  philofo- 
phical  purfuits  were  carrying  on  at 
Cambridge,  theDodlor  replied— None 
— for  when  you  go  a hunting,  Sir 
Ifaac,  you  kill  all  the  game:  you 
have  left  us  nothing  to  purfue:  Not 
fo,  faid  the  philofopher,  you  may  dart 
VOL.  IV.  R a 
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a variety  of  game  in  every  bulh,  if  you 
will  but  take  the  trouble  to  beat  for 
it.  And  fo  in  truth  it  is ; every  ob- 
jedl  in  nature  affords  occafion  for 
phildfopbical  experiment ; and  every 
experiment  which  is  made,  even  with 
an  exprels  view  to  any  particular  in- 
veftigation,  incidentally  luggefts  mat- 
ter for  new  inquiry.  But  as  in  con- 
templating the  civil  hiftory  of  the 
world,  we  are  under  the  neceffity  of 
being;  contented  with  abridgments  of 
Its  leveral  parts,  with  reme-mbering 
the  great  revolutions  which  have  in 
fadt  taken  place-,  without  minutely 
.exploring  all  the  fecret  caufes,  all 
the  fortuitous  circumftanccs  by  which 
they  were  effefted fo  in  the  prefent 
■ftate  of  experimental  philofophy,  we 
,muft-  reft  fatisfied,  as  to  many  fub- 
.jeds,  with  knowing  the  general  con- 

. clufions. 
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clufiorfS',  without  attempting  to  fcru- 
tinize  all  the  particular  experiments, 
on  which  they  are  founded.  All  the 
works  of  the  writers  of  Greece  and 
Rome,  which  have  come  down  to  our 
time,  do  not  equal  a third  part  of  the 
bulk  of  thofe  which  have  been  pub- 
liflied  by  individuals,  and  by  the  fe- 
veral  philofophical  focieties  of  Eu- 
rope on  experimental  philofophy  alone, 
fince  the  middle  of  the  lafl:  century: 
nor  does  the  nature  of  things  preferibe 
any  limit  to  human  indullry,  exerted 
in  the  profecution  of  fuch  inquiries. 
There  is  not  an  animal,  or  a vegetable 
fubftance  that  we  feed  on;  nor  a fa- 
line  fubftance  that  we  taile;  nor  a 
beverage  that  we  drink  ; nor  the  air 
that  we  breathe;  nor  amet.al  that  we 
handle ; nor  a ftone  that  we  tread  on, 
but  what  may  furnifli  matter  for  an 
R 2 infinity 
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infinity  of  experiments.  What  a 
fource  of  natural  knowledge  is  water 
alone?  Who  can  underftand  all  the 
properties  that  belong  to  it  as  a 
body,  that  is  fluid  in  a certain  degree 
of  heat;  folid  in  a lefs ; and  con- 
vertible into  an  elatlic  vapour  of  in- 
credible force  in  a greater ; as  capa- 
ble of  diflTolving  all  kinds  of  fairs;  as 
abforbing  and  detaining  in  its  fub- 
ftance  the  air  of  the  atmofphere ; as 
being  itfelf  abforbed  by,  and  fu- 
fpended  in  the  air ; as  conftituting 
the  principal  part  not  only  of  blood, 
urine,  milk,  wines,  oils,  fpirics,  and 
all  fluid  bodies;  but  as  entering,  in 
a large  proportion,  into  the  conlfitu- 
tion  of  the  folid  parts  of  all  animal, 
and  vegetable,  and  of  many  mineral 
fubftances;  as  being  refolvable,  ac- 
cording to  the  moft  recent  difcove- 

ries, 
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ries,  into  two  different  forts  of  air  f 
and  as  being  tranfmutable  into  earth  ? 
ft  is  concerning  the  experiments 
which  have  been  made  relative  to 
this  laft  property,  that  I mean,  in 
this  Eflay,  to  give  a brief  hiftorical 
account.  Men  advance  very  flowlv 
in  the  attainment  of  phyfical  know- 
ledge: the  trouble  of  making  expe- 
riments is  great,  but  ffiort  relations  of 
their  refults  cannot  fail  of  beincr  en- 
tertaining to  minds  imbued  with  any 
tafbe  for  fuch  kind  of  inveffigation ; 
and  there  are  few  queftions  of  greater 
importance  in  the  effimation  of  fpe- 
culative  philofophers,  than  that  which 
refpefts  the  tranfmutability  of  water 
into  earth.  If  but  one  particle  of 
water  can  by  any  means  be  changed 
into  a particle  of  earth,  the  whole 
dodrine  of  the  Peripatetic  fed,  con- 
^3  cernino: 
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cerning  the  Elements  of  things,  will 
be  utterly  fubverted ; the  diverfities 
of  the  bodies  fubfifting  in  the  uni- 
verfe,  will  no  longer  be  attributed  to 
the  different  combinations  of  earth, 
air,  fire,  and  -water,  as  diflinff,  un- 
compounded, immutable  principles-, 
but  to  the  different  magnitudes,  fi- 
gures, and  arrangements  of  particles 
of  matter  of  the  fame  kind. 

Thofe  who  maintain  the  tranfmu- 
tability  of  water  into  earth,  fupport 
their  opinion,  principally,  by  argu- 
ments deduced  from  the  refult  of  two 
very  differentkinds  of  experiments.  In 
the  one  they  appeal  to  the  mechanifm  of 
nature,  and  contend,  that  vegetation,, 
however  inexplicable  it  may  be  in  its 
manner  of  operation,  is  certain  in  its 
effeft,  and  invariably  changes  w-ater 
into  earth.  In  the  other,  they  have 

rccourfe- 
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rcGOurft  to  the  affiftance  of  art,  and 
by  fo  fimple  a procefs  as  that  of  di- 
ftillation,  indefinitely  repeated,  they 
hold  it  poffible  to  exhibit  any  deter- 
minate quantity  of  water  under  the 
form  of  a white,  impalpable,  opake, 
infipid  powder. 

When  the  vaft  genius  of  Bacon  had 
rendered  the  authority  of  Arijloile  lefs 
refpedlable,  and  men’s  minds  were 
every  where  alarmed  with  a fufpi- 
cion,  that  Truth  and  He  might  poffi- 
bly  be  on  different  fides;  feveral  ap- 
pearances in  nature,  which  had  either 
efcaped  the  obfervation,  or,  from 
Teeming  repugnant  to  the  eftabliflied 
maxims  of  the  Schools,  had  been 
deemed  unworthy  the  animadverfion 
of  philofophers,  began  to  be  examin- 
ed with  a minute  attention ; we  liave 
R4 
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an  inftance  of  the  truth  of  this  obfer- 
vation  in  the  fubjeft  before  us. 

The  purefl:  water  could  never  have 
been  wholly  diftiiled  in  glafs  veffels, 
but  the  operator  might  have  had  an 
opportunity  of  obferving  a thin  pel- 
licle of  earth,  tarnifhing  the  tranfpa- 
fency,  and  adhering  to  the  bottom  of 
the  veflel  employed  in  the  procefs. 
This  appearance  is  conftant,  it  pre- 
fects itfelf  not  only  when  the  water 
is  firft  diftiiled-,  but  after  it  has  been 
purged,  as  much  as  poffible,  from 
every  foreign  impurity  by  reiterated 
diftillation.  Yet  notwithftanding  the 
invariable  uniformity  of  this  pheno- 
menon, I know  not  whether  it  was 
noticed  by  any  one  before  Borrichius, 
as  furnifning  an  incontrovertible  proof 
,of  the  tranfmutabiliry  of  water  into 
f ^ , earth. 
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earth.  Why,  fays  he,  fhould  we 
dwell  upon  the  poffibility  of  chemi- 
cal, principles  being  converted  into 
one  another,  when  the  very  elements 
of  Ariftotle  are  not  exempt  from 
change  ? He  then  proceeds  to  ob- 
ferve,  that  water,  how  frequently  fo- 
ever  he  had  diftilled  it  from  frefh 
glafs  veffels,  ftill  left  at  the  end  of 
each  fucceffive  operation,  a flender 
coating  of  earth  flicking  to  the  fide 
of  the  veflfel,  and  he  attributes  the 
produdlion  of  this  earth,  not  to  any 
extraneous  impurity  accidentally  mix- 
ed with,  and  obftinatelv  adherino:  to 
the  water,  but  to  a tranfmutation  of 
the  water  into  a true,  firm,  fixed,  in- 
lipid  earth  *.  In  faying  that  Borri- 

chius 

* Et  quid  diemica  moramur?  Tpfe  AriJlo~ 
U//s. dementa  non  funt  ab  his  immunia  mu- 

tatiocibus^ 
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ehius  was  the  firft  perfon  who  made 
this  obfervation,  I may,  perhaps,  be 
guilty  of  fome  inaccuracy.  The  im- 
primatur for  Borrichius*  book,  here 
referred  to,  is  dated  at  Copenhagen  in 
1673:  now  it  is  certain,  that  Boyle’s 
treatife  concerning  the  Origin  of 

Qua- 

tationibus.  Enlmvero  aqua,  etiam  llmpidif- 
fima,  et,  fi  placet,  vel  decies  per  dellillatio- 
nes  ab  omni  foece  libera  in  veram,  firmam, 
fixam,  et  infipidam  terrain  mutabitur,  fi  ean- 
dem  iterum,  iterumque  frequentiffime  ex  re- 
centibus  femper  vafis  vitreis  lente  deflillando 
evoces ; quavis  enim  vice  tenella  quacdam 
cuticula  terrea,  fed  elegans,  ex  aqua  ilia 
enata  fuperficiei  interiori  vitri  agglutinabr- 
tur,  quod  frequentibus  experimentis  didici 
cumque  illud  ipfum  ante  hos  X annos  nar- 
rarem  Cl.  Oxonienfis  Academiae  Medico 
Edmundo  Dickenfotino,  idem  fibi  comper- 
tum  centefima  deftillatione  a/Teruit.  Her- 
metis  ,/Egypt.  et  Ckem.  Sapien.  per  01.  Bor^ 
richium,  p.  397* 
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Qualities  and  Forms,  in  which  t»ic 
iranfmutadon  of  water  into  earth  by 
dillillation,  is  diflindlly  mentioned, 
was  publiflied  at  Oxford  in  1666;  yet 
as  Borrichius  had  fpoken  of  this  ex- 
periment to  a phyfician  at  Oxford  ten 
years  before  he  publifhed  his  book, and 
as  it  is  very  probable,  that  Boyle  was 
unacquainted  with  this  experiment 
when  he  firft  publifhed  his  Sceptical 
Chemift  in  1661,  Borrichius  may, 
perhaps,  be  properly  enough  efteem- 
ed  prior  to  Boyle  in  the  invention 
and  application,  though  pofterior  to 
him  in  the  publication  of  the  expe- 
riment. 

Boyle,  however,  examined  the  mat- 
ter with  greater  precifion  than  Bor- 
richius had  done.  In  his  treatife 
concerning  the  Origin  of  Qualities 
and  Forms,  he  acquaints  us  with  the 

firft 
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fi&d  occafion  of  his  making  the  ex- 
periment *.  A gentleman  who,  in 
order  to  difcover  the  grand  arcanum.) 
had  employed,  among  other  things, 
great  quantities  of  purified  rain  wa- 
ter, complained  to  him,  that  inftead 
of  obtaining  what  he  looked  for,  he 
met  with  a great  deal  of  a whitifn  ex- 
crementitious  matter,  which  he  knew 
not  what  to  make  of.  The  great 
plenty  and  fome  peculiar  qualities  of 
this  matter,  which  had  fo  much  per- 
plexed the  old  chemift,  fuggefted  to 
Mr.  Boyle  a fufpicion,  that  it  was 
not  owing  to  any  accidental  foulnefs 
of  the  water,  and  put  him  upon  try- 
ing,— whether  water,  which  had  been 
previoully  purified  by  diftillation, 
would  not,  by  being  re-diftilled,  leave, 
at  the  end  of  the  operation,  a portion 

of 


Boyle’s  Works,  fol.  Vol.  II.  p.  519. 


( 269  ) - 

of  earth.  The  refult  of  his  experiment 
confirmed  him  in  his  conjefture,  that 
the  earthy  powder  obtained  by  diftil- 
ling  rain  water,  might  be  a tranfmu- 
tation  of  fome  parts  of  the  water  into 
earth:  and  he  was  much  ftrengthened 
in  this,  belief  by  converfing  with  a 
phyfician  (probably  the  fame  perfon 
mentioned  by  Borrichius)  who  afflired 
him,  that  he  had  frequently  found  a 
white  earth  in  diftilled  rain  water, 
even  after  he  had  diftilled  the  fame 
numerical  liquor  a great  many  times. 

Boyle  feems  to  have  been  very  cau- 
tious in  admitting  this  tranfmutation, 
the  oddnefs  of  it  he  owns  ftill  kept 
him  in  fufpenfe ; and  it  was  not  with- 
out much  delight,  that  he  was  in- 
formed by  an  ingenious  perfon  of 
unfufpefted  credit,  who,  with  a me- 
dical view,  had  been  long  working 

upon 
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'K.pon' rain  water,  that  water  which  he 
had  diftilled  near  two  hundred-  times^ 
ilill  afforded  a white  earth ; and  that 
more  copioujly^  at  leafl:  more  confpi- 
cuoufly  in  the  latler  diftillations,  than 
in  the  former.  This  gentleman  out 
of  one  ounce  of  diftilled  rain  water, 
had  obtained,  bv  reiterated  diftilla- 
tion,  near  three  quarters  of  an  ounce, 
if  not  more,  of  earth.  The  phyfician 
Dickenfon^  mentioned  by  Borrichius, 
was  probably  the  perfon  alluded  to 
by  Boyle  in  this  account-,  for  Houghton 
fays  in  his  Colledion,  “ 1 have  heard 
that  Dr,  Dickenfon  has  turned  eigh- 
teen parts  of  water  out  of  twenty 
parts  into  earth,  only  by  repeated  di- 
ftillation.”  Yet,  even  this  account, 
concluftve  as  one  might  think  it, 
could  not  extort  from  Boyle  a full 
convidi-on  of  the  poffibility  of  tranf- 

muting 
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muting  water  into  earth  by  diftilk'* 
tion he  calls  the  hypothefis  a bold 
conjefture,  and  exprefsly  mentions 
Jbme  fcruples  which  ftill  remained 
with  him.  Two  of  thefe  fcruples 
are  worthy  of  particular  notice,  in- 
afmuch,  as  they  contain  the  two  prin- 
cipal objedfions,  which  have  been 
made,  by  fubfequent  philofophers,  to 
the  dodlrine  which  he  endeavoured  to 
.cftablifh.  The  firfl;  refpects  the  vef- 
fels  in  which  the  experiment  had  been 
ufually  tried  ; the  fecond  has  relation 
to  the  water  itfelf.  — “ It  were  fit  to 
know,”  fays  he,  “ whether  the  glafs 
■body,  wherein  all  the  diftillations  are 
made,  do  lofe  of  its  weight,  any  thing 
near  fo  much  as  the  obtained  powder 
amounts  to.” — And  again,  “ I could 
wilh  that  it  were  demonftrably  de- 
termined, what  is  on  ‘all  hands  taken 

for 
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for  granted,  that  diftilled  rain  water 
is  a perfectly  homogeneous  body 
It  does  not  appear  that  Boyle  was 
ever  fully  fatisfied  with  refpe£l  to 
thefe  doubts,  he  refumes  indeed  the 
fubjeft  in  a traft,  intitled,  Experi- 
ments and  Notes  about  the  produce- 
ablenefsof  Chemical  Principles,  pub- 
lifhed  at  Oxford  in  1680,  and  men- 
tions a new  trial  which  he  had  made ; 
yet  he  there  repeats  his  fcruple  con- 
cerning the  homogeneity  of  water,  and 
though  upon  the  whole  he  appears 
willing  to  believe,  that  water  might 
be  tranfmuted  into  earth  by  diftilla- 
tion,  and  the  nature  of  his  fubjedl 
led  him  to  make  the  moft  of  fo  re- 
markable an  experiment,  yet  he  can- 
didly owns,  that  fome  of  his  experi- 
ments  afforded  ftrong  probabilities, 
rather  than  conclufive  proofs. 

Not- 

• Id.  p.  522. 
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Notwlthftandinar  the  diffidence 
vdth  wfiich  Boyle  himfelf  propofed 
his  opinion  concerning  the  tranfmu- 
tability  of  water  into  earth,  it  appears 
to  have  been  very  generally  admitted 
from  his  time  to  Boerhaaves-,  and 
even  Newton  * fo  far  believed  it,  as 
to  think  it  poffible  that  water  might 
be  made  red  hot  -f . 

Boer- 

* Water  by  frequent  diilillatlons  changes 
into  fixed  earth,  as  Mr.  Boyle  has  tried,  and 
then  this  earth  being  enabled  to  endure  a 
fufficient  heat,  fhines  by  heat  like  other  bo- 
dies.” Newton’s  Optic.  Quae. 

f Another  method  is  mentioned,  by  which 
water  may  be  made  red-hot.  If  a fpoonful 
of  water  be  thrown  upon  the  furface  of  a large 
quantity  of  melted  glafs,  in  a glafs-houfe  fur- 
nace, it  will  affume  a globular  form,  and  ap- 
pear to  roll  about  on  the  furface  of  the  glafs 
as  if  it  was  a melted  metal ; it  will  make  no 
explofion,  but  becoming  red-hot,  it  will  by 

VOL.  IV.  S little 
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Boerhaave  oppofed  the  general  per- 
>.  fuafion  II ; he  did  not  deny,  that  earth 
v/as  always  found  at  the  bottom  of 
the  glafs  veflel  in  which  water  had 
been  diftilled,  nor  that  the  quantity 

of 

little  and  little  be  dimlnlfhcd  in  bulk,  and  at 
length  be  totally  difTipated  The  author  of 
this  obfervation  attempts  to  explain  the  phe- 
nomenon ; M.  Bofc  Antic  f , thinks  the  ex- 
planation improper;  but  he  allows  the  exilt- 
ence  of  the  little  globes,  and  fays  they  are 
hollow,  and  of  an  earthy  nature : when  this 
appearance  has  been  more  fully  examined,  it 
is  probable  that  it  will  be  confidered  as  an 
argument  in  fupport  of  the  tranfmutability  of 
water  into  earth ; though  Dr.  Prieilley  has 
remarked,  that  ^aUr  after  being  heated 
red-hot,  was  Hill  water,  there  being  no 
change  in  its  fenfible  properties 

li  Boerh.  Cliem.  Vol.  I.  p.  627. 

* Rozier's  Journ.  Jan.  1778.  . 

f Ouvres  de  M.  B.  d’  Antic,  Vol.  II.  p.  276* 

I Phil.  Tranf.  1785,  p.  291. 
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of  earth  was  conftantiy  increahng 
v/ith  the  increafe  of  the  number  of 
difbiliadons  which  the  water  had  un- 
dersrone  but  he  thought  that  this 
earth  did  not  proceed  from  the  water 
itfelf,  but  from  the  duft  which  is  al- 
ways floating  in  the  atmofphcre,  ef- 
pecially  in  the  atmolphere  of  elabo- 
ratories.  It  could  not  be  imagined, 
that  the  atmofphere  included  in  the 
veffels  ufed  for  diftillation,  could  fur- 
nifh  any  conflderable  quantity  of  dufl: 
in  one  operation,  yet  being  renewed 
by  the  opening  of  the  veflels,  as  fre- 
quently as  the  did  illation  was  re- 
peated, it  feemed  to  him  to  be  a caufe 
fully  adequate  to  the  eftefl. 

It  is  a matter  of  wonder,  that  Boer- 
haave  Ihould  aflign  fuch  a reafon  for 
this  phenomenon,  confidering  the  re- 
fult  of  an  experiment  mentioned  by 
s 2 Boyle, 
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Boyle,  in  which  he  expofed  the  fame 
water,  in  the  fame  veffel  hermetically 
fealed,  to  a digejlive  heat  for  above  a 
year*:  after  it  had  continued  a good 
while,  little  concretions,  heavier  than 
the  water,  began  to  be  formed,  and 
he  exprefsly  remarks,  that  the  longer 
the  glafs  was  kept  in  the  digeftive 
furnace,  the  more  of  this  fine  terref- 
trial  fubftance  was  produced ; an 

event 

* When  the  neck  or  hollow  ftem  of  a glafs 
veflel  is  fo  foftened  by  fire,  that  the  two  fides 
of  it  may^be  pinched  together,  the  veffel  is 
faid  to  be  hermetically  fealed;  thus  the  upper 
end  of  the  tube  of  a mercurial  thermometer, 
is  hermetically  fealed. — A digejlive  heat,  is 
in  general,  any  degree  of  heat  above  that  in 
which  water  freezes,  and  below  that  in  tvhich 
it  boils:  but  150°  of  Farenheit\  thermometer 
is  commonly  called  a digellive  heat.  The 
operation  called  digejlion,  confiils  in  expofing 
liquids,  or  liquids  and  folids,  to  a digedive 
heat  in  fuitable  veffels  for  a due  time. 
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event  impoffible  to  be  explained  from 
the  dull  floating  in  the  atmofphere, 
as  the  veflel,  by  being  hermetically 
fealed,  effedually  excluded  the  mi- 
nuteft  particle  of  duft  from  coming 
in  contaft  with  the  water. 

Though  this  experiment,  properly 
confldered,  was  certainly  conclufive 
againft  Boerhaave’s  hypothefis,  yet 
Marggraf  undertook  to  fhew  its  in- 
fufficiency  in  another  manner  *.  He 
contrived  a retort  and  a receiver  of 
the  fame  piece  of  glafs,  and  through 
an  hole  in  the  receiver,  which  he  af- 
terwards clofed  with  a glafs  ftopple, 
he  poured  an  ounce  of  water  which 
had  been  carefully  diftilled  thirteen 
times;  this  water  he  re- diftilled, 
without  fuffering  any  air  to  enter  into 

the 

• Opuf.  Chy.  de  M.  Marggraf,  Vol.  JI. 
p.  176, 
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the  retort,  thirty  times  more,  and  ob- 
ferved  that  the  water,  which  was  at 
firft  exceedingly  tranfparent,  became 
more  and  more  troubled  by  the  ad- 
mixture of  a fine  white  earth,  as  the 
number  of  diftillations  was  increafed. 
The  refutation  of  Boerhaave’s  hypo- 
thefis,  was  not  the  only  point  which 
Marggraf  had  in  view  in  making  his 
experiments  on  water;  he  was  defir- 
ous  alfo  of  obviadng  the  objeftions 
of  thofe  who  were  difpofed  to  attri- 
bute the  oritzin  of  the  earth  to  an 
abrafion  of  the  parts  of  the  glafs, 
rather  than  to  a tranfmutation  of  the 
particles  of  water.  In  order  to  this 
he  has  not  only  remarked,  that  the 
veflels  in  which  he  had  diftilled  wa- 
ter fo  frequently,  were,  as  far  as  mi- 
crofcopes  could  inform  him,  as  per- 
fectly polifhed  as  when  new,  and  that 

they 
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they  were  of  the  very  b'eft:  fort  of 
glafs,  in  which  fpirit  of  fait  might  be 
kept  for  many  years  without  its  injur- 
ing them,' but  he  has  fhewn  that  fire  is 
not  eflential  to  the  produftion  of  the 
efFed;  an  earth  being  feparable  from 
diftilled  water  by  the  fimple  adtion  of 
the  fun  evaporating  the  water,  and 
even  without  any  heat  by  a long  con- 
tinued agitation.  Sir  Ifaac  Newton 
was  of  opinion,  that  the  water  upon 
the  furface  of  the  earth  was  daily  di- 
minifiied  by  vegetation,  and  if  we 
may  rely  upon  thefe  experiments  of 
Marggraf,  we  fee  that  there  are  two 
other  caufes  which  have  a tendency 
to  produce  the  fame  efFedt;  for  the 
water  of  the  ocean  is  inceflfantly 
raifed  into  the  atmofphere  by  evapo- 
ration, and  agitated  by  the  adtion  of 
the  y/inds  and  tides  •,  and  if  it  be  by 
s 4 both 
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both  thefe  caufes  converted  in  part 
into  earth,  we  may  admit  that  the 
Cafpan  fea  is  lefs  now  than  it  was 
formerly,  and  that  the  Mediterranean 
fea  has  retired  from  the  coafts  of 
France,  Spain,  Portugal,  and  Italy, 
'without  having  recourfe, with  Buffon^ 
to  the  finking  of  immenfe  caverns 
within  the  bowels  of  the  earth,  into 
which  the  fea  has  from  time  to  time 
retired.  With  refpeft,  however,  to 
this  fuppofed  diminution  of  the  fea, 
it  may  be  obferved,  that  it  is  well 
underftood  that  the  fea  has  encroach- 
ed upon  the  fliore  in  fome  places, 
and  deferred  it  in  other;  but  I do 
not  know  whether  geographers  are 
able,  on  folid  grounds,  to  fay, — whe- 
ther the  quantity  of  land  throughout 
the  whole  globe,  is,  or  is  not,  the 
fame  now  that  it  was  4000  years  ago. 

? M.  Eller 


( 28l  ) 

M.  Eller  had,  in  1746,  obtained 
earth  from  water  by  triturating  it  in 
a glafs  mortar*-,  and  Walkrius^  in 
1760,  with  a view  of  removing  the 
fufpicions  of  Pott,  who  thought  the 
earth  proceeded  from  the  mortar  it- 
fcif,  varied  in  fome  meafure  Eller’s 
experiment,  by  triturating  water  in 
mortars  of  iron  and  bronze  -f  . The 
old  proverb,  — gutta  cavet  lapidem  — 
would  render  experiments  of  this 
kind  very  fufpicious,  if  the  authors 
did  not  affure  us,  that  the  earths  ob- 
tained by  trituration,  were  not  of  the 
nature  of  the  veffels  in  which  the  ex- 
periments were  made : and  Marggraf 
alfo  affirms,  that  the  earth  which  he 
procured  from  water  by  repeated  di- 

^ ftillation, 

• Mem.  de  1’  Acad,  de  Berlin,  1746. 

t-  Recueil  des  Mem.  de  Chy.  Vol.  II.  p» 
.S4*' 
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ftillation,  had  properties  very  dif- 
ferent from  thofe  of  pounded  glafs. 

In  oppofition  to  the  opinion  of 
thefe  philofophers,  M.  Le  Rot  has 
undertaken  to  fhew  *,  that  the  very 
experiments  produced  by  Marggraf 
and  others,  in  proof  of  the  tranfmu- 
tability  of  water  into  earth,  do  not, 
though  they  be  admitted  in  their 
full  extent,  fufRciently  eftablifli  the 
fa6t.  His  reafoning  turns  chiefly 
upon  the  fecond  of  Boyle’s  fcroples 
before  mentioned : he  apprehends 
that  rain  water  ought  not  to  be 
efteemed  an  homogeneous  fluid,  but 
that  it  contains  an  earth  fubtilely 
mixed  with,  or  dilTolved  in  the  water, 
from  which  it  cannot  be  feparated  by 
any  number  of  diftillations,  however 
great.— Marggraf  himfelf  v;as  quite 

aware 

• Hill,  de  I’Acad.  des  Scien.  a Par.  1767. 
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aware  of  this  difficulty;  he  fays  he 
fufpeded,  that  water  which  had  been 
diftilled  but  once  by  the  retort, 
might  probably  contain  fome  portion 
of  attenuated  earth  which  had  rifen 
in  the  diftillation,  but  which  did' not 
belong  to  the  water;  and  he  there- 
fore diftilled  the  water,  on  which  he 
made  his  experiment,  thirteen  times, 
and  fix  of  them  with  the  gentle  heat 
of  boiling  water.  That  rain  water, 
collefted  with  every  poffible  precau- 
tion, contains  not  only  a portion  of 
earth,  but  fmall  quantities  alfo  of  the 
acids  of  nitre  and  fea  fait,  .is  proved 
beyond  a doubt  by  the  experiments 
of  Marggraf  himfelf ; the  only  point 
in  difpute  is,  whether  thefe  heteroge- 
neous admixtures  can  be  feparatcd 
from  water  by  reiterated  diftillation 
or  not?  M.  Le  Roi  thinks,  that 

they 
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they  cannot;  according  to  him,  the 
yapour  of  water,  which  rifes  in  diftil- 
latipn,  carries  with  it  a portion  of  the 
impurities  contained  in  the  water. 
This  objeTion  may  recur  for  ever, 
let  the  number  of  diftillations  be 
what  they  may,  nothing  fhort  of  a 
complete  tranfmutation  of  a definite 
quantity  of  water  can  wholly  ob- 
viate it. 

The  experiment  before  mentioned, 
in  which  Boyle’s  friend  obtained  from 
an  ounce  of  water,  near  three  quar- 
ters of  an  ounce  of  earth  by  200  di- 
ftillations, approaches  the  neareft  of 
any  that  has  ever  been  made  to  a 
complete  tranfmutation:  but  this  ex- 
periment has  of  late  been  confidered 
by  M.  Le  Roi  and  others,  as  meriting 
no  manner  of  attention ; principally 
becaufe  it  does  not  correfpond  with 

fimilar 
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fimilar  experiments  of  more  modern 
chemifts,  efpecially  of  Marggraf, 
whofe  accAiracy  is  above  all  quef- 
tion.  He  could  not  obtain  from  72 
ounces  of  pure  rain  water,  by  13  di- 
ftillations,  above  12  grains  of  earth; 
a quantity  very  inconfiderable,  in 
comparifon  of  what  it  ought  to 
have  been,  in  order  to  have  agreed 
v/ith  the  quantity  obtained  by  Boyle’s 
friend. 

I have  no  intention  to  enter  into  a 
formal  defence  of  this  famous  expe- 
riment mentioned  by  Boyle;  it  may 
be  obferved,  however,  that  neither 
Marggraf,  nor  any  other  chemift, 
ever  diftilled  the  fame  identical  water 
fo  frequently,  as  the  author  of  this 
experiment  did  * : his  relation  of  it 

then, 

* -This  obfervation  is  not,  I believe,  true ; 

Boer- 
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then,  it  is  evident,  is  not  contradid:- 
ed  from  obfervation,  but  from  in- 
ference, and  the  inference  has  been 
founded  on  a principle,  rather  taken 
for  granted,  than  proved.  The  prin- 
ciple is  this,—  that  if  any  number  of 
-diftiilations,  fuppofe  ten,  yield  a cer- 
tain portion  of  earth,  twenty  times 
that  number,  or  200  diftlllations, 
would  yield  twenty  times  as  much,  at 
lead;  not  more,  earth.  — Now  there 
are  fome  reafons  to  believe,  that  this 
principle  is  not  true  •,  for  not  to  in- 
fill on  what  Boyle,  however,  inti- 
mates, of  the  earth  being  more  plen- 
tifully 

Boerhaave  is  faid  to  have  diililled  the  fame 
water  500  times;  I have  not  jfeen  ail  the 
works  of  Boerhaave,  nor  does  the  author, 
who  makes  this  remark  concerning  him,  re« 
fer  to  the  particular  part  of  his  works  where 
the  fadl  is  mentioned.  Fourcroy’s  Chem. 
Eng.  Trauf,  Vol.  I,  p,  115. 
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tlfully  afforded  in  the  latter  diftilla- 
tion,  than  in  the  former,  Marggraf 
himfelf  has  made  two  obfervations, 
which,  when  taken  together,  feem  to 
prove  the  fame  thing.  He  affirms, 
and  Wallerius  agrees  with  him,  that 
more  earth  is  feparated  when  water  is 
kept  boiling  with  a firong  than  with 
a gentle  heat;  and  he  obferves  alfo, 
and  efteems  it  a fadl  altogether  lin- 
gular, that  water  which  has  been 
often  diftilled,  requires  for  its  eleva- 
tion, efpecially  towards  the  end  of 
the  operation,  when  but  a fmall  quan- 
tity remains  in  the  retort,  a degree  of 
heat  exceedingly  ftrong,  when  com- 
pared with  that  which  any  other  wa- 
ter requires  *.  From  thefe  obferva- 
tions 

* — pendant  la  diflillation,  il  faut  entre- 
tenir  continuellem^nt  P eau  que  la  retorte 

con-» 
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tions  I v/ould  argue,  thus  if  it  be 
true,  that  more  earth  is  feparated 
when  water  is  diftilled 'with  a Jtrong 
than  with  a gentle  heat;  and  if  it  be 
true  alfo,  that  degree  of  heat  ne- 
ceffary  to  diftil  water  is  ftronger^  as 
the  number  of  diftiliations  it  has 
previoufly.  undergone  is  greater ^ will 
it  not  be  a juft  confequence,  that 
the  quantity  of  earth  feparable  by  a 
ftngle  diftillation,  or  by  any  definite 

num- 

contient,  dans  une  forte  coflion.  Ou  trou- 
vera  que,  par  ce  moyeii,  il  fe  fepare  toutes  les 
fois  plus  de.  terre  de  I’eau,  que  quand  la 
dillillation  fe  fait  lentement. — Ou  doit  remar- 
quer  comme  quelque  chofe  de  tout-a-fait  par- 
ticulier,  que  plus  fouvent  une  femblable  eau 
ell  dillillee,  et  plus  P operation  devient  diffi- 
cile, fur- tout  a la  fin,  quand  une  partie  de  la 
liqueur  a diftille;  car  alors  le  refidu  demande 
un  degre  de  fu  trh-^ehement  en  comparaifon 
de  toute  autre  eau,  Opuf.  de  Marg.  Voh  IL 

P‘  J93- 
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mimber  of  diftillations,  will  be  greater 
as  -the  number  of  previous  diftilla- 
tions has  been  greater  ? If  this  be  ad- 
mitted, it  eafily  follows,  that  the  - 
quantity  of  earth  feparable  by  200 
diftillations,  cannot  be  properly  cal- 
culated by  the  rule  of  proportion, 
from  what  aflually  has  been  fepa» 
raced  by  13,  or  any  ocher  number  of 
diftillations  fo  greatly  fhort  of  200. 
Moreover,  this  experiment  is  not 
deftitute  of  a kind  of  collateral  proof; 
for  Wallerius  has  obferved,  that  the 
quantity  of  earth  which  he  obtained 
by  triturating  a certain  quantity  of 
water  in  aglal's  mortar  for  four  days, 
agrees  pretty  exadliy  with  the  quan- 
tity procured  by  the  200  diftillations 
-mentioned  by  Boyle. 

M.  Lavoijier*  rejedls  the  notion  of 

the 

Hift.  de  I’Acad.  des  Scien.  a Paris,  1770. 
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the  tranfm inability  of  water  into 
earth  by  dillillation,  as  well  as  M. 
Le  Roi\  but  he  rejefls  it  upon  dif- 
ferent principles  : he  has  endeavour- 
ed to  remove  the  other  fcruple  men- 
tioned by  Boyle,  and  has  done,  what 
it  is  furprifing  no  chemift  ever  thought 
of  doing  before  his  time,  conlidering 
that  the  hint  had  been  given  above 
too  years  ago;  he  has  weighed  the 
glafs  veflel  in  which  the  operation 
was  performed,  and  has  found  that 
its  weight  after  the  operation,  is  lefs 
than  it  was  before  the  operation ; and 
this  lofs  of  w'eight  he  attributes  to 
the  abralion,  or  folution  of  the  parts 
of  the  glafs.  M.  Lavoiiier’s  experi- 
ment refembles  that  of  Boyle  before 
mentioned,  in  which  water  was  ex- 
pofed  to  a digefting  heat,  in  a veflel 
hermetically  fealed;  but  he  conduc- 
ed 
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€d  it  with  more  accuracy.  T have 
ithree  reafons  for  befitating  concern- 
ing Mr.  Lavoifier’s  opinion,  which 
refers  the  earth  found  in  the  veflel 
after  -the  diftillation  of  water,  to  the 
abrafion  of  the  glafs.  In  the  firft 
place,  the  earth  procured  by  diftilla- 
tion, is  not  of  the  fame  kind,  has 
mot  the  fame  chemical  properties, 
as  pounded  glafs  has.  Secondly, 
Mr.  L avoifier  did  obtain  g grains  of 
’earth,  above  the  iofs  of  weight  v/hich 
his  veflel  had  fuffcained,  and  this 
quantity  may,  perhaps,  be  as  much 
as  ought  to  be  expeded  from  fuch 
an  experiment,  fuppofing  that  water 
is  convertible  into  earth;  for  the 
■heat  he  made  ufe  of  in  the  operation 
was  fmall.  And  laftly,  I have  flowiy 
diftilled  water  in  a filver  retort,  and 
-afterwards  evaporated  the  diftilled 
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water  on  a poliflied  filver  plate,  there 
remained  on  the  plate  a fmall  pelli- 
cle of  earth.  When  a drop  of  wa- 
ter, arifing  from  ithe  vapour  con- 
denfed  in  the  top  of  a filver  tea  vafe, 
happens  to  fall  qpon.the  body  of  the 
vafe,  it  is  prefcntly  evaporated  j but 
it  always  tarnifties  the  fpot  on  which 
,it  has  fallen.  I am  aware  it  may  be 
.contended,  that,  the -.earthy  pellicle  in 
both  thefe  cafes,  may.be  attributed 
to  a precipitation  of  the.  dull  floating 
in  the  acmofphere,  or  to  an  attenuat- 
.ed  earth,  which  is  mixed  with  the 
water  and. carried  up  by  the  vapour.. 
On  the  whole,  the  .poflTibility  of  con- 
verting water  into  earth  by  diftilla- 
.tion,  remains,  I think,  ftill  an  unde- 
cided problem;  M,  Lavoifier’s  expe- 
riment ftaggeis  the  confidence  I had 
repofed  in  the  conclufions  of  Marg- 

graf, 
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graf,  but  it  mufi:  be  repeated  with 
fuccefs  before  it  will  utterly  fub- 
vert  it. 

With  refpefl  to  the  converfion  of' 
water  into  earth  by  vegetation^  many ' 
philofophers  of  greateminence  have' 
admitted  it  without  fcruple.  Van  Hel- 
mcnt  * derived  not  only  vegetables^  ■ 
but  all  fubftances  whatever  from  wa^ 
ter,  and  boafted  that  he  was  the  firfb 
author  of  that  hypothefis.  It  may  be  ' 
obferved,  however,  that  in  the  earlieft  - 
fytlems  of  philofophy,  we  have  the 
plained:  ailufions  to  this  dodlfine,  and  ' 
to  \}i\t  Mojdic  account  of  the  creation.  - 
Thus  Bsrofus,  the  famous  prieft  of 
Babylon,  held  voater  and  darknefs'-^: 

{dark-: 

• 'De  Lithiafi,  C.  I.  S.  I'V. — -Aft  ad  me 
ufque  nefcitam  lult,  curnTta  corpora,  qua;  mifta  . 
credairtur,  ir.aterialiter  duntaxat  ex  fola  aqua  ■ 
effe,  nullo  excepto.' 

'r.3 
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{darknefs  was  upon  the  face  of  the- 
deep^  Gen.  i.  2.),  the  Phenicians  dark- 
wefsy  a chaoSy  and  vjtnd ; the  Perfians 
light,  to  have  been  the  firft  principles, 
from  which  all  things  proceeded.. 
The  moft  ancient  Greeks,  if  the  opi- 
nion of  Homer  be  of  any  weight  in 
this  matter,  derived  the  origin  of  all 
things  iromwater-,  this  dodlrine  was 
followed  about  300  years  afterwards 
by  ’tholes  of  Miletus-,  who,  travelling 
into  Egypt  and  converfing,  as  Dio^ 
genes  Laertius  tells  us,  with  the  priefts 
of  that  country,,  heard  from  them, 
probably,  fome  tradition  concerning, 
the  creation;  by  which  means  he 
improved  much  upon  the  poet,, 
teaching,  as  bbferves,  Deum  earn 
mentm  ejje,  qui  ex  aqua  omnia  fingeret,. 

Van  Hehnont  * produced  a fingu- 

lat 


• Opera  omn  p.  105. 
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lar  experiment  in  fupport  of  his  opi- 
nion, that  water  became  earth  by  ve- 
getation. He  took  an  earthen  veflel 
and  put  into  it  200  pounds  weight  of 
earth,  which  had  been-  previoufly 
dried  in  an  oven;  he  wetted  the  earth 
with  rain  water,  and  planted  in  it  the 
trunk  of  a willow  which  v/eighed  five 
pounds.  In  the  fpace  of  five  years,. 
the  willow  weighed  169,  pounds  3 
ounces  : the  earth  was  watered,  when 
it  was  neceffary,.  during  the  whole  of 
the  time  with  either  rain  or  diftilled 
water  •,  the  vefiel  was  ipacious,  and 
was  funk  into  the  ground,  and,  to 
prevent  any  dufl;  from  falling  into  -it, 
its  mouth  was  covered  with  tin  plates, 
which  were  pierced  with  many  holes. 
No  account  was  taken  of  the  leaves 
wdrich  fell  in  four  fucceffive  autumns. 
The.  earth  was  taken  out  ori  the  vef- 
T 4 fei. 
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fcl,  dried,  and  weighed  at  the  expira- 
tion of  the  five  years,  and  it  had  loft 
only  about  2 ounces,  fo  that  164 
pounds  of  wood,  of  bark,  and  of 
roots,  of  which  the  tree  confifted, 
had  arifen  from  the  water.  I have 
related  this  experiment  at  full  length, 
as  it  is  the  firft  of  the  kind  which 
was  made,  and  is  as  conclufive  as 
any  of  thofe  which  have  been  made 
fince  by  Boyk^  Du  Hamel^  Eller,  and 
others.  Beecher  admits  the  fadt  as 
ftated  by  Van  Helmont,  but  he  objects 
to  the  conclufion;  water,  fays  he, 
will  never  become  earth,  except  fo 
far  as  it  carries  fome  earthy  particles 
along  with  it*.  M.  Le  Rot  adopts 

the 

• — nec  fuflicit  foils  verbis  omriium  rerum 
originem  aquae  tribaere,  aut  experimentum 
Helmontii  in  vegetatione  arboris,  quod  Ro- 

bertus 
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the  fame  notion,  when  he  attributes 
the  increafe  in  the  weight  of  the  wil- 
low, to  the  earthy  and  faline  particles 
fioni  whieh  water  cannot  be  freed^ 
even  by  diftillation.  It  is,  moreover, 
well  known,  that  plants  fuck  in  nu- 
triment fronvthe'  air  by  their  leaves, 

and 

bertus  Boyle  in  chemifla  fceptico  citat. 
Aqua  profedlo  nunquam  terra  fiet  niTi  in 
quantum  corpufcula  terrea  fecum  vehar, 
Beecher  Phy.  Sub.  p.  87. — Calcined  plafter- 
ftone,  and  the  materials  ufed  in  making 
earthen  ware,  abforb  much  water,  and  are 
increafed  in  weight,  as  vegetables  are  byab- 
forbing  water  in  vegetation ; and  fome  are  of 
opinion,  that  water,  by  being  united  to  what 
is  called  (from  the  fubftance  which  yields  it 
by  a peculiar  procefs)  fparry  acid,  may  be 
changed  into  a flinty  earth  ; but  in  all  thefe, 
and  in  other  fimilar  cafes,  it  may  be  queflion- 
ed,  whether  the  particles  of  water  may  not 
be  ^wholly  difunited  from  the  fubflances  with 
which  they  are  combined,  and  again  exhibit- 
ed under  the  form  of  water. 
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and  this  nutriment  is  not  a pure  wa- 
ter, fince  the  pLireft  atmofpherical 
water  contains  both  oily\,  faline,  and 
earthy  principles,  if  we  may  truft  the 
analyfes  which  have  been  made  of  it. 
In  addition  to  this  remark,  I would 
obferve,  that  though  the  willow  gain- 
ed an  increafe  of  164  pounds  in- 
weight,  yet  a very  fmall  portion  of 
that  weight  was  earth;  fi-nce  much 
the  greateft  part  of  all  vegetables,, 
and  efpecially  of  fucculent  ones,  con- 
fifts  of  water  and  air.  I cut  a leaf 
from  the  mitre  aloe,  it  weighed  1 644. 
grains  it  was  cut  into  dices,  and  ex- 
pofed  to  the  heat  of  the  atmofphere 
in  September;  in  15  days  it  had  lolt 
1558  grains:  I then  burned  it  to  a 
black  alh,  it  weighed  in  that  date  26- 
grains,  and  being  burned  to  a white 
•alh,  it  weighed  only  16  grains,  which. 

were 
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were  corapofed  only  in  part  of  earthy 
for  tliey  contained,  tho.iigh  1 omitted 
to  examine  them,  a portion  of  fixed 
alkaline  fait.  A frefh  pa»2p/b'«,whicli 
weighed  200  ounces,  being  cut  into 
dices  and  dried  in  the  fun,,  loft  in. 
nine  days  190  ounces  of  its  weight; 
the  remaining  10  ounce.?  being  re- 
duced to  afhes,  did  not  yield  one 
ounce  of  earth.  Had  Van  Helmonc 
reduced  his  willow  to  afhes,  I think 
it  would  not  have  yielded  one  pound 
of  earth;  this  fmall  quantity  of  earth, 
added  to  the  uncertainty  there  is  as 
to  the  earth,  wlierein  the  willow  was 
planted,  being  equally  free  from 
moifture  when  it  was  weighed,  before 
and  after  the  willow  had  acquired  its 
increafe,  renders  the  conciufion  which 
is  drawn  from  the  experiment  wholly 
queftionable. 


Count 
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Count  Gyllenberg  *,  in  order  to  prove 
that  vegetables  derive  all  their  conjli- 
tuent  parts  from  water,  even  their  oils 
and  falls,  as  well  as  their  earthy  parti- 
cles, makes  the  following  obferva- 
tion.  — “ Four  thoufand  different 
plants  can  grow  in  twenty  pounds 
weight  of  earth,  and  in  each  of  them 
lhall  be  found  a different  oil  and  a 
differec  fait.  Let  us  fuppofe  thefe 
plants  to  be  chemically  anylized,  near 
an  ounce  of  oil  and  fait  will  be  found 
in  each.  If  this  oil  and  this  fait  had 
proceeded  from  the  earth,  there  mufl: 
have  been  in  that  earth  four  thoufand 
ounces,  or  250  pounds  of  oil fait, 

whereas 

• Count  Gyllenberg’s  Elements  of  Agri- 
culture, tranflated  by  Mills,  p.  72.— This  • 
work  is  attributed  by  Mr.  Mills  to  Count 
Gyllenberg,  by  the  French  tranflator  to 
Wallerius;  fee  the  Ed.  quoted  in  VoETL  p. 
76. 
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•whereas  in  fad  there  was  not  a grain 
of  either  of  them  in  it.”  This  ob- 
fervation  does  not  prove,  that  fimple 
water  is  converted  miO  ' earth,  or  fait, 
ox  oil  by  vegetation ; it  merely  fhews, 
that  plants  by  vegetating  acquire  fuch 
an  increafe  of  weight,  as  cannot  be 
derived  from 'the  earth  in  which  they 
grew,  and  become  bodies,  whole 
conftituent  parts  are  different  from 
both  earth  and  water : but  it  negleds 
the  confideration  of  two  fubftances, 
.as  neceflary  to  vetegation  as  either’ 
earth  or  water  — Ikht  and  air.  The 

a 

..air  is  a fluid  whofe  conftituent  parts 
are  not  yet  fully  afcertained  •,  befides 
water,  there  are  reafons  to  think  that 
it  contains  an  oily  and  a faline  prin- 
ciple-, and  as  to  light,  opticians  have 
dil'covered  not  only  that  the  fame 
isray  of  it  has  different  properties  on 
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its  different  Tides,  but  that  it  is  by  no 
means  an  homogeneous  fluid,  though 
no  experiments  have  yet  Tufflciently 
{hewn,  v/hether  that  fluid  be  a falinc 
or  phlogiftic  fubftance,  or  both.  The 
rays  of  the  fun  Teem  to  be  a£led  upon 
by  every  body  in  nature,  and  they 
•may  be  capable  of  being  combined 
with  air,  or  water,  or  earth j and  in 
-that  ftate  of  combination  they  may 
enter  as  conftituent  parts  into  vegeta- 
bles, &c.  form  airs,  falts,  and  oils  of 
various  kinds.  There  may  be  an 
igneous  and  elaflic  fluid,  as  well  as 
an  aerial  one  univerfally  difperfed, 
and  on  which  the  fluidity  of  the  air 
-itfelf  may  depend;  and  this  fluid, 
being  imbibed  by  vegetables,  may  be 
a principal  component  part  of  them, 
and  being  reftored  to  its  fluidity  by 
combuflion,  fermentation,  and  other 
* caufcs. 
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caufes,  it  may  produce  heat  or  flame, 
according  to  thecircumftances  under 
which  it  endeavours  to  difcharge  it- 
felf.  There  is  a curious  experiment 
which  will  illuftrate  the  efficacy  of 
air  and  light  in  promoting  vegeta- 
tion. 

Mr.  Eller  took  a large  quantity  of 
water  which  had  been  twice  diftilled, 
and  having  filled  a cylindrical  glafs 
veffel  with  it,  he  bound  a fheet  of 
paper  over  the  mouth  of  the  veflel, 
and  fet  it  in  the  fun  in  the  middle  of 
fummer  for  feveral  weeks.  He  foon 
obferved  that  the  water  began  to  be 
troubled,  that  it  emitted  fmall  bub- 
bles, that  its  furface  became  fomc- 
what  frothy,  and  that  the  bottom  of 
the  veflel  was  covered  with  a green 
matter.  He  afterwards  diftilled  the 
water,  and  from  the  laft  portion  of 
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ic,  containing  the  green  matter,  he 
obtained  an  acid  and  an  oil,  and, 
though  he  does  not  mention  it,  there 
remained,  probably,  a portion  of 
earth.  I remember  having  I'een  a 
glafs  tube,  which,  after  having  been 
hermetically  fealed  and  nearly  filled 
with  water,  had  been  left  for  fomc 
months  on  a table  on  which  the  fun 
occafionally  fhone,  that  fide  of  the 
tube  on  which  the  rays  of  the  fun  had 
fallen,  was  covered  with  green  matter^ 
whilft  the  other  fide  was  free  from  it. 
Dr.  Prieftley,  with  his  accuftomed 
ingenuity,  has  inveftigated  the  nature 
of  the  green  matter  which  is  thus 
formed,  and  fiiewn  that  it  is  a ve- 
getable, whole  feeds  are  conftantly 
floating  in  the  atmofphere,  and  that 
dghl  is  abfolutely  requifite  to  its  pro- 
dudhion,  mere  heat  not  being  fuffi- 

cient 
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dent  for  the  purpofe;  but  that  light 
irfelf  will  not  produce  it  in  water 
which  has  -no  communication  with 
the  air-,  probably  becaufe  in  that  cafe 
the  water  is  deprived  of  the  feeds 
from  which  the  vegetable  fprings, 
and  hence  we  may  infer,  that  the 
adlion  of  the  fun’s  light  is  not  alone 
fufficient  to  oenerate  laics  and  oils  in 

C/ 

water,  though  it  be  i'nftrumentai  in 
enabling  the  feed  -of  the  vegetable  to 
expand  itfelf  into  the  form  of  a plant. 
The  vegetable  thus  formed,  cerrainiT 
contains  more  acid,  more  oil,  and 
more  earth,  than  exifted  in  the  feed 
from  whence  it  fprung,  but  it  would 
be  a rafh  conclufion  to  fay,  that  hm- 
ple  water  has  been  converted  into  any 
of  thefc  fubftances,  though  it  feems 
to  be  a juft  one  to  fay,  that  either 
•the  ^^'ater,  or  the  air  in  the  water,  or 
‘ ^OL.  IV;  U tlie 
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the  folar  light,  have  jointly  or  feve* 
rally  been  changed  into  them.  Is  ic 
poflible  fo  far  to  purify  a portion  of 
atmofpherical  air  from  the  fmail  feeds 
of  vegetables,  that  diftilled  water, 
though  in  conta<5l  with  this  purified 
air,  and  expofed  to  the  aftion  of  the 
folar  rays,  lliall  not  produce  any 
green  matter,  or  undergo  fuch  a 
change,  as  ttr  yield  by  diftillation 
either  a laline  or  an  oily  principle  ? 
— I have  now  given  an  account  of 
the  mofb  noted  arguments  which 
have  been  brought  in  fupport  of,  or 
in  oppofition  to  the  dodtrine  of  the 
tranfmutation  of  water  into  earthj 
and  I am  forced  to  conclude,  from 
this  view  of  the  fubjeifl,  that  the 
queftion  is  not  clearly  decided  either 
way:  as  to  my  own  opinion,  I beg 
leave  to  fay,  that  1 am  rather  difpofed 

to 
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to  believe  that  water  is  converted  in- 
to  earth,  though  I own  that  no  ex- 
periment has  yet  been  produced,  to 
which  reafonable  objeftions  may  not 
be  made.  The  point  I am  fenfiblc 
cannot  be  decided  by  authority ; yet 
I will  put  an  end  to  the  difquifition 
by  mentioning  the  opinion  of  New- 
ton.— Vegeiahilia  omnia  ex  llquoribus 
<omninb  crefeunt^  ckin  r,\agna  ex  pane 
in  terram  aridam  per  piitrefaclionem 
abeunt^  et  limus  ex  liquoribiis  putrefadiis 
perpetuo  deciciit^  liinc  moles  terree  art- 
■dx  indies  augetnr-^  et  liqHores^  nift  ali- 
unde  augmentum  jumcrent,  perpetuo  de- 
crefeere  deberent  et  tandem  dcficere 

* Nevvtoni  Oper.  Vol.  III.  p.  1^7.  Ed. 
Horfley.  — BafFon,  another  philofopher  of  no 
fmall  eminence  is  of  opinion,  that  the  e!c- 
^lents  may  be  changed  into  each  other,  and 
that  water  may  even  become  air.  “ Comme 
U z ic 
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je.fuis  tres  perfuade  que  toute  la  matJerc  fft 
convertible,  et  que  les  quatre  clemens  peu- 
vent  fe  transformer,  je  ferois  porte  a croire, 
que  V eau  peut  fe  transformer  en  air  lorfqu* 
die  eft  aflez  rarlfie  pour  s’  clever  cn  va- 
peurs.”  Suppl.  Vol.  I.  p.  loo. 
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ESSAY  VIII. 


Of  Wefmor eland  Slate,.,  and  fome. 
other  Sorts-  of  Stones. 


WE  have-  in  the  mountainous 
parts  of  Weftmor eland  various 
forts  of  (late;  all  of  which  are  ufed 
by  the  inhabitants  of  that  county  for 
covering  the  roofs  of  their  buildings; 
and  the  bed  of  them  are  either  car- 
' ried  by  fea  to  London,  Liverpool,  Hull, 
and  Lynn,,  or  by  land  into  the  bi- 
u 3 ' fiiop- 
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fhoprick  of  Durham,  Cumberland, 
Northumberland,  and  Lancafldre.  The 
different  forts  of  flate  are  diftinauiffa- 
ed  from  each  other  by  the  finenefs 
of  their  grain,  by  the  ihicknefs  into 
which  they  are  fplit,  by  their  colour, 
and  by  their  weight.  The  moil  ge- 
neral colour  is  blue  i thei'c  are  many 
flrades  of  it,  from  a very  pale  to  a 
deep  blue.  The  blue  of  fome  flates 
has  a greenilh  caff,  this  is  very  ob- 
lervablc  after  a fnower  in  a building 
which  has  been  recently  flated,  if  any 
of  the  greenifh  flates  liappen  to  have 
been  uled  along  with  the  blue.  Wc 
h.ave  alfo  a purple  Hate,  and  one 
which  is  nearly  black,  or  at  leaft  is  fo 
dark,  that  it  is  ufed  for  writing  on. 
With  refpefl  to  the  comparative 
weights  of  different  forts  of  flate,  the 
following  table,  which  was  made  with 
■ • • fuffi. 


( ) 

TiifEcient  care,  will  give  the’  reader 
fome  notion  of  the  fubjeft. ' 

Weight  of  a cubic  foot  of  different 
' forts  of  fiate. 

Ounce?, 

•Purple  fiate,  Kentmere  near  Kcndale  2797 


Pale  blue,  Coni  don  Water  Head  - 2791 

Dark  blue,  Troutbeck  - - 27S1 

Pale  blue.  Throng  Crag  - 2786 

Pale  blue.  White  Mofs  - - 2779 

Deep  blue,  Old  Cauldron  - 2778 

Pale  blue,  greenifh,  near  2768 

Pale  blue,  Ingleton,  Yorkjhire  - 2767 

Dark,  writing  Hate,  PaniieHale  2765 

.Blackilh,  ufedTor  flooring,  Head  of  7 \ 

Winander  Mere  ^ | ^75 

Deep  blue,  Longdale  ' • - 2752 

Grecnilh  blue,  Kcnrmcrc  - 2750 

Blackifh,  Cartmel,  Lancafhire  - 2740 


'Very  pale  blue,  -fine  grained  Amblefide  2732 
Medium  weight  of  a cubic  foot  2767 

1 have  not  in  this  ‘table  included 
sl[\  the  varieties  of  flate  which  ma/ 
U4  be 
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■be  met  with  in  Weftmorelandi.  bw 
it  is  not  probable,  that  thofe  which  I 
have  omitted  differ  more  from  each 
other,  than  thefe  which  I have  men- 
tioned do,  either  with  refptdl;  to  co- 
lour or  weight.  WaUerius  fpeaks  of 
a bluifh  flate  which  weighed  5300 
ounces  to  the  cubic  foot-,  this  fort, 
probably,  contained  a large  portion  of 
iron;  thebluilh  iron  ftone,  called  Cat- 
fcope,  weighs  3309  ounces  to  the  cu- 
bic foot.  In  the  flate  quarries,  fome 
of  the  fiffures  are  filled  with  fpar, 
which  has  often  an  iron  or  copper 
pyrites  adhering  to  it;  in  the  very 
middle  of  the  blocks  of  flate  there 
■are  many  little  hollows,  each  of  them 
big  enough  to  hold  a large  hazel 
nut;  theie  hollows  are  filled  with 
clay;  and  in  one  of  the  quarries  I 
.faw  a confiderable  quantity  of  clay- 

fit 
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fit  for  pipes,  becween  two  layers  of 
flate. 

■ It  appears  from  the  table,  that  the 
difference  in  weight  between  a cubic 
foot  of  the  heavieft,  and  a cubic 
foot  of  the  lighteft  of  the  fourteen 
forts  of  flate  there  enumerated,  is 
pnly  65  ounces ; or  about  one  forty 
third  part  of  the  weight  of  a cubic 
foot  of  the  heavieft  fort ; hence,  fup- 
pofing  the  different  forts  of  flate  to 
-be  fplit  to  equal  thicknefles,  the  dif- 
ference of  the  weights  fuftained  by 
the  timbers  of  dated  buildings,  is 
very  inconfiderable,  whatever  fort  of 
flate  be  ufed. 

That  fort  of  date,  other  circum,- 
ftances  being  the  fame,  is  efteemed 
the  beft,  which  imbibes  the  leaft 
water;  for  the  imbibed  water  not 
.only  increafes  the  weight  of  the  co- 
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vering,  bur  in  frofty  weather,  being 
coverted  into  ice,  it  fwells  and  ihivers 
the  flate.  This  effedt  of  froft  is  very 
fcnfible  ill  tiled,  but  it  is  fcarcely  felt 
in' Hated  houfes;  for  good  flate  im- 
bibes very  little  water ; and  when 
tiles  are  well  glazed,  they  are  render- 
ed in  fome*  rneafure,  with  refpedt  to 
this  point,  fimilar  to  flate. — I took  a 
piece  of'  Weftmoreland  flate,  and  a 
piece  of  a common  tile,  and  weighed 
each  of  them  carefully;  the  furfacc 
of  each  was  about  30  fquare  inches  ; 
both  the  pieces  were  immerfed  in  wa- 
ter for  ten  minutes,  and  then  taken 
out  and  weighed,  as  foon  as  they  had 
ceafed  to  drip;  the  tile  had  imbibed 
above  a feventh  part  of  its  weight  of 
water;  and  the  flate  had  not  imbibed 
a two  hundredth  part  of  its  weight  ; 
indeed  the  wetting  of  the  flate  was 

merely 
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merely  fuperficial.  I placed  both  the’ 
wet  pieces  before  the  fire ; in  a quarter 
of  an  hour  the  (late  was  become  quite 
dry,  and  of  the  fame  weight  it  had 
before  it  vvas  put  into  the  water but 
the  tile  had  loft  only  about  1 2 grains  of 
the  water  it  had  imbibed,  which  was 
as  near  as  could  be  expected  the  very 
quantity  which  had  been  fpread  over 
its  furface;  for  it  was  the  quantity 
which  had  been  imbibed  by  the  flate, 
the  furface  of  which  was  equal  to  that 
of  the  tile:  the  tile  was  iett  to  dry  in 
a room  heated  to  6o“,  and  it  did  not 
lofe  ail  the  water  it  had  imbibed  in 
lefs  than  fix  days. 

Some  of  our  old  buildings  in  Cam- 
bridge  are  covered  v/ith  a whicifh 
kind  of  flate,  which  is  dug  at  Colly- 
nvefton  in  Nortkamptonfnire  ■,  this  date 
is,  as-  to  its  principal  component 

parr, 
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part,  a calcareous  earth,  very  fimila? 
to  the  Barneck  ftone  of  which  Peter- 
borough  cathedral  and  part  of  King’s 
Chapel  in  Cambridge  are  built;  and 
the  llratum  of  Hone,  which  may  be 
fcen  on  the  road  fide  between  Oxford 
and  Burfordy  and  from  thence  to- 
wards GJoucefter,  is  not  very  different, 
from  it.  This  Collywefton  flate  im- 
bibes  more  water,  and  retains  it  for  a 
longer  time,  than  the  Weftmoreland 
flate  does  •,  but  it  does  not  imbibe 
half  fo  much,  nor  retain  it  a quarter 
of  the  time,  that  a common  tile  does,. 
The  manner , of  its.  being  formed  into, 
flate  deferves  to  be  noticed.  Larg? 
blocks  are  dug  in  autumn,  and  thefe 
blocks  being  placed  in  a pofition  dif- 
ferent from  that  they  had  in-  the 
quarry,  the  rain  infinuates  itfelf  be- 
tween the  layers  of  which,  the  ftone  is 

com- 
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compofed;  and  in  frofty  weather  the 
water  fwelling,  as  it'  becomes  ice^ 
fplits  the  block  of  ftone  into  plates  of 
a proper  thicknefs.  We  have  a ftone 
which  is  of  a calcareous  nature,  and 
is  called  clunch^  in  this  neighbour- 
hood ; it  is  foft  and  eafily  wrought, 
and  when  properly  placed  in  a build- 
ing is  very  durable;  but  if  the  pofi- 
tion  of  the  ftone  in  the  building,  be 
different  from  what  it  was  in  the 
quarry,  that  is,  if  the  fide  of  the 
ftone  which  in  the  quarry  was  paral- 
lel to  the  horizon,  be  either  perpen- 
dicular, or  inclined  to  it,  in  the 
building,  it  foon  cracks  and  moulders 
away ; and  I am  not  certain  but  the 
durability  of  Portland  ftone  itfelf, 
may  have  fome  dependence  on  its 
pofition  in  a building,  being  fimilar 
£0  or.  diffimilar  from  that,  which  it 

had 
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Iiad  in  the  quarry : and  thi's  may  be 
one  reafon  w/hy  v/e  fee  in  Black  Friarz 
bridge,  and  in  fome  houfes  and  other 
edifices  in  London,  v/hich  are  made 
of  Portland  (tone,  a few  ftones  which 
are  more  decayed  than  the  reft. 

• The  ftone  or  metal,  as  the  v/ork- 
men  call  it,  of  v/hich  the  Weftmore- 
iand  flare  is  made,  though  it  does  not 
fplit  equally  in  all  dirediions,  yet  is 
it  not  formed  into  flate  by  the  action 
of  the  froft,  as  the  calcareous  flate  of 
Northamptonfhure  is;  it  is  dug,  or 
blifted  from  the  quarry  in  large 
•mafTcs,  and  fplit  by  workmen  fuiv 
niilied  with  tools  fuited  to  the  pur- 
pofe.  'Phough  the  weights  of  equal 
bulks  of  the  different  forts  of  Wefti- 
moreland  flate,  do  not  differ  much 
from  each  other,  yet  ail  the  forts  are 
not  equally  capable  of  being  fplit  tp 

an 
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an  equal  degree  of  thinnefs : the  qua- 
lity of  the  flate  varies  alfo  with  the 
depth  of  the  quarry,  that  being  the 
beft  which  is  raifed  from  the  (rreateft 
depth. 

We  learn  from  Dr.  Borlafe  *,  that 
the  gray  blue  flate  of  Denyball  in 
Cornwall,  weighs  only  2512  ounces 
to  the  cubic  foot,  which  is  greatly 
lefs  than  the  lighteft  of  the  Weftr 
moreland  flates,  that  I have  met 
with.  This  Cornifn  flate  for  its 
lightnefs  and  enduring  weather 
(though  I have  no  reafon  to  think 
that  in  the  laft  particular  it  excels 
the  Weftmoreland  flate)  is  generally 
preferred  to  any  flate  in  Great  Bri- 
tain, and  “ is  perhaps  the  fineft:  in. 
the  world  -j-.”  This  fort  is  fplit  to 

■ about 

* Hill.  Corn.  p.  93. 

f Woodward’s  Cat.  Vol.  II.  p.  5. 
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about  the  thinnefs  of  an  eighth  of  an' 
rnch,  when  it  is  applied  to  the  cover- 
ing of  a roof,  and  it  then  weighs  ra- 
ther more  than  26  ounces  to  the 
fquare  foot:  the  very  pale  blue,  fine 
grained  flate  from  near  Amblefide, 
when  an  eighth  of  an  inch  in  thick- 
nefs,  weighs  about  28  ounces  to  the 
fquare  foot,  or  about  2 ounces  more 
than  the  Cornifh  flate  here  fpoken  of. 

The  lineft  fort  of  blue  flate  is  fold 
at  Kendale  for  3 j.  6i.  a load,  which 
comes  to  15J.  a ton,  the  load 
weighing  two  hundred  weight.  The 
Goarfeft  may  be  had  for  2s,  ^d:  a 
load,  or  3J.  4J.  a ton.  Thirteen 
loads  of  the  fineft  fort  will  cover  42 
fquare  yards  of  roof,  and  eighteen 
loads  of  the  coarfeft  will  cover  the 
fame  fpace:  fo  that  there  is  half  a 
ton  Icfs  weight  put  upon  42  fqtiare 
* yards 
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yards  of  roof  when  the  fined  flate  is 
ofed,  than  if  it  was  covered  with  the 
coarfed  kind,  and  the  difference  of 
the  expence  of  the  material  is  only 
3 j.  6d.  To  balance  in  fome  meafure 
the  advantage  arifing  from  the  light- 
nefs  of  the  fined  flate,  it  mud  be  re- 
marked, that  it  owes  its  lightnefs, 
not  fo  much  to  any  diverfity  in  the 
component  parts  of  the  done  from 
which  it  is  fplit,  as  to  the  thinnefs  to 
which  the  workmen  reduce  it;  and 
it  is  not  able  to  refid  violent  winds 
fo  well  as  that  which  is  heavier. 

A covering  of  lead  is  heavier  than 
a covering  of  fine  flate,  but  not 
greatly  fo.  Thirteen  loads  or  2S 
hundred  weight  of  fine  flate  will  co- 
ver, as  has  been  obferved,  42  fquare 
yards:  when  plumbers  cad  fheet  lead 
for  covering  of  houfes  or  churches, 
VOL.  IV.  X they 
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they  feldom  run  it  thinner  than  to 
about  7 pounds  to  the  fquare  foot. 
On  the  fouth  fide  of  a building,  they 
make,  or  Ihould  make,  the  lead  a 
pound  in  a fquare  foot  thicker,  than 
v^hen  it  is  ufed  in  places  not  expofed 
to  the  meridian  fun ; for  the  power 
of  the  fun  in  calcining  lead  is  very 
great : in  the  torrid  zone,  a lead  co- 
vering of  the  ordinary  thicknefs  will 
not  lafl;  above  five  or  fix  years,  be- 
fore it  is  calcined  into  a white  pellicle 
refembling  white  lead.  In  a fiieet  of 
cafi  lead  there  is  a great  inequality  in 
the  thicknefs  of  the  feveral  parts  of 
it  j if  the  thinneft  part  weighs  7 lb. 
to  the  fquare  foot,  the  thickeft  part 
will  often  w'eigh  9 lb.;  let  it  be  fup- 
pofcd  then,  that  a fheet  of  call  lead, 
the  thinneft  part  of  which  weighs  71b., 
weighs  at  a medium  8 lb.  to  the 

fquare 


fqtiare  foot ; then  will  a fquare  yard, 
or  nine  fquare  feet,  weigh  72  pounds, 
-and  42  fquare  yards  will  weigh  3024 
pounds,  or  27  hundred  weight ; 
which  is  one  hundred  weight  more 
than  the  weight  of  the  date.  But 
this  is  not  the  whole  weight  of  the 
lead  which  is  requifite  to  cover  42 
fquare  yards,  an  addition  is  to  be 
made  to  it,  equal  to  the  weight  of 
the  lead  which  is  ufed  in  lapping  one 
fheet  over  another.  Milled  lead  may 
be  not  only  rolled  out  to  a greater 
thinnefs,  than  fheet  lead  can  poffibly 
be  cajt  to,  but  it  has  alfo  a much 
greater  uniformity  of  thicknefs,  than 
call  lead.  The  plumbers  fay,  that 
milled  lead  may  indeed  form  a lighter 
and  more  uniform  covering  than 
fheet  lead,  but  that  it  will  not  laft  fo 
long.-  I know  not  how  that  may  be, 
X 2 but 
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but  the  milled  lead  company,  near 
lOO  years  ago,  offered  to  enter  into 
a covenant  to  keep  a covering  of 
their  milled  lead  of  7 lb.  to  thefquare 
foot,  in  good  and  conftant  repair,  for 
a term  of  41  years,  at  5J,  a year, 
for  every  covering  of  ioo£.  in  value. 
A term  of  41  years  is  not  a quarter  of 
the  period,  which  many  coverings  of 
Weftmoreland  flate  have  lafted  with 
very  inconfiderable  repairs ; and  as  a 
ton  of  flate  will  cover  a larger  furface 
than  a ton  of  lead,  and  does  not  colt 
in  any  part  of  the  kingdom,  to  which 
there  is  water  carriage,  one  fourth  of 
the  price  of  the  lead,  it  feems  as  if  it 
might  be  generally  ufed  inftead  of 
lead  with  very  great  advantage. 

In  Rujfia  they  cover  their  houfes 
with  iron,  and  in  Sweden  with  cop- 
per 5 and  fome  architedts  have  been 

fond 
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fond  of  introducing  the  ufe  of  cop- 
per covering  into  Great  Britain.  I 
have  no  knowledge  of  the  duration 
of  a copper  covering-,  but  I fhould 
conjefture,  from  the  thinnefs  of  the 
copper  which  is  ufed  for  the  purpofe, 
that  it  would  not  laft  fo  long  as  flate ; 
it  has  certainly  the  advantage  of  be- 
ing much  lighter,  and  where  there  is 
danger  of  ftralning  the  walls  by  the 
weight  of  timber  in  the  roof,  it  may 
be  ufed  with  great  advantage.  All 
the  plates  of  copper  of  four  feet  in 
length  and  two  in  breadth,  which 
weigh  lefs  than  lo  pounds,  are  called 
thatch  copper,  from  their  ufe  in  co- 
vering buildings  -,  thefe  plates  are  in 
general  a penny  in  the  pound  weight 
dearer  than  the  thicker  plates,  on  ac- 
- count  of  the  greater  trouble  in  rolling 
them.  A fquare  foot  of  thatch  cop- 
X 3 per 
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per  does  not  weigh  quite  20  ounces, 
and  hence  42  fquare  yards  of  fuch 
copper  will  not  weigh  much  above 
four  hundred  weight,  and  its  thick- 
nefs  Vv^ill  be  about  the  fortieth  part 
of  an  inch. 

A common  Cambridge  tile  weigh- 
ed 37  ounces ; they  ufe  at  a medium 
700  tiles  for  covering  100  fquare 
feet,  or  above  2i  tons  of  tile  to  42 
fquare  yards.  Hence,  without  in- 
cluding the  weight  of  what  is  ufed  in 
lapping  over,  &c.,  when  a building  is 
covered  with  copper  or  lead,  it  will 
follow,  from  what  has  been  faid,  that 
42  fquare  yards  of  building  will  be 
covered  by 

Copper  - 4 hundred  weight. 

Fine  date  - 26 

Lead  - 27 

Coarfer  date  36 

Tils  - 54 

The 
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The  Northamptonfhire  Hate  (not 
to  fpeak  of  feveral  other  forts)  not 
being  fold  by  weight  like  that  from 
Weftmoreland,  nor  having  a definite 
fize  like  tile,  it  is  not  an  eafy  matter 
to  eftimate  the  weight  of  it  which  is 
requifite  to  cover  42  fquare  yards, 
or  any  other  definite  furface;  a cu- 
bic foot  of  it  weighs  2592  ounces,  fo 
that  it  is,  bulk  for  bulk,  near  one 
twentieth  part  lighter  than  the  light- 
ed: of  the  Weftmoreland  flate,  but  its 
thicknefs  is,  at  a medium,  much 
greater;  hence  its  weight  in  a definite 
furface  of  roof,  is  greater,  I appre- 
hend, than  that  of  the  coarfeft  kind 
of  Weftmoreland  flate ; its  durability 
is  very  confiderable,  as  may  be  col- 
leffed  from  the  time  it  has  lafted  on 
fome  of  our  college  buildings. 

A.common  flate  is  a very  compound 
X 4 body ; 
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body;  it  contains  iron,  to  which  it  owes 
its  colour,  calcareous  earth,  magnefia, 
flint  earth,  and  clay  combined  in  dif- 
ferent proportions  in  the  different 
forts.  Mr.  Kirwan  is  the  only  per- 
fon  who  has  analyzed  any  of  the 
forts:  the  fort  he  analyzed  was  the 
bluifli  purple,  which  is  principally 
ufed  in  London,  and  which  is  brought 
thither  from  Devonfhire  and  Wales. 
A cubic  foot  of  it  weighed  2876 
ounces,  which  is  near  150  ounces 
more  than  the  weight  of  a cubic  foot 
of  the  fineft  fort  of  Weftmoreland 
flate:  he  found  that  100  grains  of  k 
confided  of  about  46  grains  of  flint, 
26  of  clay,  8 of  magnefia,  4 of  cal- 
careous earth,  and  14  of  iron,  and 
that  it  loft,  by  being  heated  red  hot, 
1 grains. 

I took  a piece  of  fhrongCrag  flate, 

which 
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which  is  the  fort  Newgate  is  covered 
with,  weighing  446  grains,  and  heat- 
ed it  red  hot ; it  had  loft  4 grains  of 
its  weight,  by  that  degree  of  heat ; I 
kept  it  for  half  an  hour  in  a red 
heat,  it  had  then  loft  38  grains  of  its 
original  weight;  I continued  it  in 
the  fame  heat  for  three  hours  more, 
and  it  had  then  loft  43  grains,  or 
near  one  tenth  part  of  its  weight.  I 
calcined  the  bluilh  green  Amhlefide 
Jlate  in  a degree  of  heat,  which  would 
have  reduced  the  fame  weight  of  cal- 
careous earth  to  lime;  446  grains  of 
it  loft  41  grains;  on  a repetition  of 
the  experiment,  I found  that  446 
grains  had  loft  42.  The  fame  weight 
of  White  Mofs  (late,  treated  in  the 
fame  way,  loft  42  grains;  and  the 
fame  weight  of  flate  from  Conijloa 
loft  44  grains.  I tried  feveral  other 

flates 
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flates  in  the  fame  manner,  and  the 
general  conclufion  is,  — that  Weft- 
moreland  flate  lofes,  by  being  cal- 
cined in  a red  heat  for  feveral  hours, 
about  one  tenth  part  of  its  weight. 

All  thefe  flates,  when  reduced  to  a 
fine  powder,  are  aded  upon  with 
great  violence  by  acids,  a confider- 
able  portion  of  fixed  air  is  difcharg- 
ed,  and  a calcareous  earth  is  diflblved 
in  the  acid.  I poured  a diluted  acid 
of  fea  fait  on  446  grains  of  Throng 
Crag  flate  in  powder,  30  grains  of 
fixed  air  efcaped  during  the  folution. 
We  have  feen  that  the  fame  weight 
of  the  fame  fort  of  flate  loft  by  cal- 
cination 43  grains,  the  difference  is 
J3  grains;  but  whether  thefe  13 
grains  are  water,  or  a part  of  the 
earthy  fubftance  of  the  flate  which 
iis  driven  off  during  the  calcination. 
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is  what  I do  not  pretend  to  deter- 
mine. 

The  calcined  date  being  put  into 
water,  there  is  formed  in  a few  days 
a ftrong  lime  water  j this  water  de- 
pofices,  as  other  lime  water  does,  an 
earth  which  effervefces  with  an  acid. 
It  has  been  proved,  in  the  Effay  on 
calcareous  earths,  that  20  parts  of 
calcareous  earth  contain  about  9, 
parts  of  fixed  air ; and  hence,  as  the 
flate  is  fuppofed  to  lofe  about  one 
tenth  of  its  weight  of  fixed  air  by 
calcination,  the  crude  calcareous 
earth  (fuppofing  the  air  to  have  pro- 
ceeded folely  from  calcareous  earth) 
which  if  contains,  may  amount  to 
about  22  parts  in  an  100  of  flate.  I 
have  met  with  fome  flate,  much  re- 
fembling  the  Weffcmoreland  flate, 
which  does  not  lofe  above  a twenty- 

fifth, 
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fifth  part  of  its  weight  by  calcination. 
Beds  of  limeftone  are  generally  in- 
cumbent on  the  beds  of  flate ; and, 
however  philofophers  may  account 
for  the  original  formation  of  thefe 
beds,  it  may  eafily  be  admitted,  that 
the  component  parts  of  the  upper 
ftratum  may  be  mixed  with  thofe  of 
the  lower;  and  if  the  fadt  w'as  ex- 
amined, I think,  it  would  be  found, 
that  the  flate  is  more  mixed  with 
calcareous  earth,  the  nearer  it  ap- 
proaches to  the  limeftone  ftratum. 

1 diftilled  five  ounces  of  fVhite  mofs 
Jlate  in  a very  ftrong  fire  for  three 
hours ; there  came  over  a great  deal 
of  air,  but  fcarce  a drop  of  water, 
(though  it  is  poflible  that  in  this,  and 
other  diftillations  of  a like  kind,  fome 
w^ter  may  efcape  with  the  air,)  and 
there  was  a flight  fmell  of  fulphur. 

The 
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The  mafs  remaining  in  the  retort  was 
reduced  into  a black  cellular  glafs,  of 
fo  hard  a texture,  that  it  ftruck  fire 
with  fteel;  it  adhered  fo  much  to  the 
retort,  that  I could  not  feparate  it  fo 
perfedtly  as  to  be  able  to  fee  what 
lofs  of  weight  the  fiate  had  fuffered  by 
beina:  vitrified.  We  have  no  coal 
in  Weftmoreland,  except  a little  of  a 
bad  quality  neav  S/iap,  ot  glafs-houjes 
might  be  eftablilhed  at  the  Jlate  quar- 
ries with  great  profpedi;  of  advantage  •, 
for  though  the  materials  of  which 
bottle  glafs  is  made,  coft  but  little  in 
any  country,  yet  there  they  would 
cofl:  nothing.  Very  good  glafs  might, 
probably,  be  made  from  the  flare 
alone,  for  the  cellular  texture  would 
difappear,  either  on  keeping  the  glafs 
longer  in  the  fire,  or  on  re-melting  it; 
but  certainly  it  might  be  made  from 

the 
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the  flate  mixed  with  fern  afhes,  or 
with  kelp  afhes,  or  with  other  fub- 
ftances  containing  fixed  alkali : — this 
hint,  I hope,  will  not  be  given  in 
vain. 

Pliny  fpeaks  of  a kind  of  foffil 
glajs,  which  one  Obftdius,  he  fays, 
found  out  in  Ethiopia  ; it  was  of  a 
black  colour  and  fometimes  tranfpa- 
rent:  and  Herodotus^  in  the  third  book 
of  his  hiftory,  reports,  that  the  Ethio- 
pians had  a cuftom  of  drying  the  car- 
cafes  of  their  dead,  of  covering  them 
when  dried  with  gypfum  (or  plafter 
of  Paris  ('yvi\/u(ra,vli?),  of  painting 
their  portraits  on  the  plafter,  and, 
kftly,  of  depofiting  them  in  cells 
made  of  tranfparent  glafs,  which  in 
that  country  was  dug  in  great  plenty. 
This  account  has  been  looked  upon 
as  fabulous  j becaufe  glafs,  it  is  faid. 


IS 
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is  not  a natural  but  a faftitious  fub- 
ftance  and  the  learned,  for  the  fame 
reafon,  have  been  much  puzzled 
about  Pliny’s  lapis  Obftdianus^  or^  as 
fome  will  have  it,  opftanus,  on  ac- 
count of  its  tranfparency.  The  word 
in  Herodotus)  here  rendered 
glafs,  may,  perhaps,  denote  lapis  fpe- 
cularis  \ which  is  now,  and  has  in  all 
ages,  been  dug  out  of  the  earth,  and 
is  found  frequently  along  with  gyp- 
fum;  I do  not  believe,  indeed,  that 
it  has  been  ever  found  in  pieces  large 
enough  to  make  coffins  of : but,  fup- 
pofing  it  to  mean  glafs  ftriflly  fo 
called,  I fee  no  difficulty  at  all  in 
admitting 'the  exiftence  of  foffil  glafs. 
A fubterraneous  fire,  of  a proper  de- 
,gree  of  ftrength,  would  convert  a 
flratum  of  Weftmortland  flare  into  a 
vitreous  mafs  of  a black  colour. 

‘ Nor 
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Nor  is  Weftmoreland  flate  the  only 
fubftance  which  might  be  coverted 
into  foffil  glafs;  the  gray  ragftone^ 
before  mentioned*,  admits  a fimilar 
change;  fo  does  the  blue  whin-Jione., 
and  the  Derbyfhire  toadlione^  and  fe- 
veral  other  forts  of  ftones.  The  rea- 
fon  of  the  fufibility  of  thefe  ftones  is 
explained,  in  fome  meafurc,  by  an 
experiment  related  in  another  place -f-; 
it  is  there  proved,  that  two  fpecies  of 
earth,  feparately  unvitrifiable,  may 
be  vitrified  when  mixed  together; 
the  two  earths  there  mentioned  are 
clay  and  chalk,  but  the  obfervation 
is  true  concerning  fome  other  earths. 
Now  the  flate  and  ftones,  of  which 
we  have  been  fpeaking,  are  all  com- 
pound bodies,  confifting  of  filiceous, 
argillaceous,  calcareous  earths,  &c. 

com-  , 

••  Pag,  6o.  f Vol.  II.  p.  183. 
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■combined  in  different  proportions, 
and  the  fufibility  arifes  from  their 
mixture. 

Some  reafons  have  been  given* 
(though  I do  not  think  they  prove 
the  point)  for  confiderlng  the  Der- 
by iliire  toadjlone  as  a fpecies  of  lava^ 
which  has  undergone  a femi-vitrifica- 
tion ; however  that  may  be,  I have 
met  with  pebbles  (rounded,  proba- 
bly, by  ante-diluvian  waters)  which 
refembled  toadftone  in  colour,  weight, 
and  conffftence,  in  the  gravel- fits  of 
Cambridgejliire ; in  the  mar  I- pits  of 
Chefliire\  in  the  clay  which  is  ficuated 
under  the  grit^  and  above  the  Jhale  of 
DerhyJIdre  ; on  the  fides  of  the  moun- 
tains, and  in  the  beds  of  tlie  rivers  of 
Wefimoreland:  and  1 doubt  not  ffmi- 
lar  ones  will  be  detedlcd,  by  future 

obfer- 

* Vol.  III.  p.  299. 
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©bfervation,  in  many  other  places. — 
The  following  table  cod  me  fome 
trouble  in  the  making,  I am  unwilling 
that  it  fhould  be  loft,  and  there  are 
fome  readers  who  will  be  gratified 
with  a fight  of  it. 

^Weight  of  a cubic  foot  of  different 
forts  of  ftones. 


N. 

oz. 

18 

2688 

1 

2999 

*9 

2682 

2 

2936 

20 

268 1 

3 

2927 

21 

268 1 

4 

2921 

22 

2675 

5 

2907 

23 

2669 

6 

28,-2 

24 

2659 

7 

2821 

25 

2657 

8 

2800 

26 

2653 

9 

2797 

27 

265  I 

.10 

2778 

28 

2643 

1 1 

2776 

29 

2631 

12 

2770 

30 

2625 

* *3 

2760 

3* 

2605 

>14 

2710 

32 

2593 

*5 

2708 

33 

2556 

1 ^ ^ 

2695 

34 

'2399 

^7 

3^ 

2277 

No..  Si 
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No.  I.  Guernfey  pebble,  from  the 
pavement  of  one  of  the  ftreets  of 
Weftminfter.  2.  I met  with  this- 
ftone  on  Hale-Fell,  near  Beetham,  in 
JVeJlmoreland-,  it  is  of  a dark  brown 
colour,  and  admits  a very  fine  po- 
lifh,  but  it  is  not  calcareous.  The 
block  was  fome  tons  in  weight,  and 
fituated  on  the  furface  of  the  earth, 
every  where  furrounded  with  lime- 
ftone  rocks;  I think  it  was  a block 
of  bafaUes,  'm  which  many  cryftals  of 
black  JJioerl  were  to  be  leen.  g-.  Dark 
gray  cobble,  from  the  gravel-pics 
near  Cambridge:  it  much  refembles 
No.  4.  Dark  gray  tcadftone  from  Der- 
by (hire;  free  from  thofe  Iparry  fpecks 
(which  in  mouldering  away  by  ex- 
pofure  to  the  air,  often  leave  the 
toadftone  as  if  it  was  worm-eaten)  and 
Y 2.  llrik- 
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flriking  fire  with  xleel.  5.  Lead  co- 
loured cobble,  with  black  fpecks, 
and  of  a vitreous  texture,  from  Heu  r- 
fam  Head^  in  JVeJlmor eland,  Hearfam 
Head  is  a hill  com  poled  of  calcare- 
ous ftrata;  but  there  are  found  on  its 
furface,  and  in  other  parts  of  the  . 
county,  detached  lound  pieces  of  a 
blue  rag-ftone,  of  granite,  and  of  a 
very  hard  compound  frone,  called  by 
the  mafons  of  the  country  callierde-, 
probably  fo  denominated  either  from 
the  earth  (0tB0)  of  which  it  is  com- 
pofed,  refembling  flint  (caillou)  in 
hardnefs,  or  from  its  being  compofed 
of  diflerent  forts  of  earth  coagulated 
(ct?i//^)-together.  Mineralifls,  I think, 
would  clafs  the  callierdesy  for  they  are 
not  all  of  the  fame  kind,  amongfl:  the 
porphyries,  hornjlones,  &c.  6.  Similar 

to  toadllone  in  texture,  but  daiker  in 

colour, 
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colour,  from  a marl-pit  near  Tahley^ 
in  Chefiiire.  7.  Much  the  fame  as 
the  preceding,  a large  block  found  in 
a field  near  the  mills  at  Millthrcp^  in 
Weftmoreland.  I do  not  venture  to 
call  thefe  two  lafi;  ftones  volcanic 
produdtions,  yet  the  fiirfaces  of  them 
looked  as  if  they  had  been  formed  by 
the  cooling  of  the  mafs.  8.  Round 
toadftone  pebble,  from  a bed  of  clay 
under  the  grit  ftone  in  Derbyfhire ; 
I write  this  only  from  recollcftion  of 
its  appearance  •,  I may  have  miftaken 
a biackifli  limeftone  for  toadftone, 
9.  Purple  flate,  Kentjnsre,  near  Ken- 
dale  1 the  heavieft  of  any  of  the 

^ 4 

Weftmoreland  flates,  but  not  fo  heavy 
as  the  purple  flate  ufed  in  London, 
JO.  A callierde  with  a deep  green 
ground,  and  fpecks  of  a lighter 
green,  from  th.e  jea  JJiore  near  Lan- 
Y 3 eajler. 
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cafter.  I have  feen  thefe  callierdes  in 
.various  other  parts  of  Great  Britain^ 
but  I do  not  know  whether  we  have 
.any  ftrata  in  the  IJland  which  could 
have  furnifhed  them.  1 1.  A greenifh 
cobble,  of  an  uniform  texture,  gravel- 
pit  in  the  road  from  Gockeran  to  Lan- 
caller.  12.  Like  No.  10.  marl-pir, 
Chefnire.  23.  Blue  ‘ivhin-Jlone  from 
Scotland-,  in  a fire  which  would  con- 
vert an  equal  bulk  of  marble  to 
lime,  a ton  of  whin-flone  would  lofe 
■2I  hundred  weight.  14.  Greenifli 
cobble,  Wierfide,  Lancafhire : this 
and  No.  ii.  have  fome  refemblance 
■to  Weftmoreland  flate,  but  I do  not 
■know  where  the  ftratum  is  fituated 
.that  has  furnifhed  thefe  detached 
pieces.  1 5.  Blue  rag-ftone,  foreft  near 
Mansfield.  16.  Granite  from  Aber- 
Mcen.  A cubic  foot  of  Guernfiey  peb- 
ble 
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'ble  (No.  I.)  contains,  it  is  evident, 
above  300  ounces  of  matter  more 
ihan  is  contained  in  a cubic  foot  of 
Aberdeen  granite  ^ but  from  that  cir- 
cumftance  alone  it  muft  not  be  in- 
ferred, that  a pavement  made  with 
Guernfey  pebbles,  will  lafl:  longer 
than  one  made  with  Aberdeen  gra- 
nite: for  the  durability  of  a body  ex- 
pofed  to  fridlion,  does  net  depend  lb 
much  on  the-  number  of  particles 
which  enter  into  its  compofition,  as 
on  its  hardnefs,  or  firm  adhefion  of 
its  parts.  But  in  bodies  equally 
■hard,  that  will  laft  the  longeft  which 
■contains  the  greateft  quantity  of  mat- 
ter in  a definite  bulk;  and  hence, 
-ftippofing  the  Guernfey  Hone  to  be 
only  as  hard  as  the  Aberdeen  granite, 
it  muft  laft  longer  when  expofed  in 
rthe  ftreets  to  the  friftion  of  the  car- 
Y4 
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riage  wheels ; on  inquiring  into  the 
fad,  a paviour  told  me,  — that  the 
Guernfey  pavement  was  a very  bad 
pavement  for  a poor  man  — becaufe 
k feidom  wanted  repairing.  1 7.  Gray 
hlmrag-JlGne^  Weftmoreland.  18. The 
fame  atter  being  calcined  to  a red  co- 
lour. 19.  Gray  rag-ftone  from  Ilvay 
crag,  near  Millchrop.  20.  The  fame 
calcined  to  a red  colour. — Thefe  rag- 
ftones,  1 apprehend,  lofe  fomewhat  of 
their  weight  by  calcination,  but,  their 
bulk  beins:  diminifhed  in  the  fame 
proportion,  their  denfity  or  fpecific 
gravity  remains  nearly  unaltered;  in 
a ftronger  fire  they  are  changed  into 
a blackifh  glafs.  21.  Shale-hind. 
This  is  the  name  of  a ftratum,  con- 
fifting.  principally  of  calcareous  earth 
■impregnated  with  bitumen,  which  is 
-fituated  both  above  and  below  the 

beds 
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beds  of  /Iiale  in  Derbyftiire.  The 
bind  is  various  in  thicknefs  from  a 
few  inches  to  forae  feet:  one  fort  of 
it  is  called  by  the  miners  treacle  bind^ 
from  their  finding  lodged  in  its  cavi- 
ties bitumen  of  the  colour  and  con- 
fiftence  of  treacle:  this  bitumen  is 
moft  abundant  where  there  is  the 
greateft:  quantity  of  ftiale  incumbent 
on  the  bind.  There  are  in  the  ftra- 
tum  of  bind  many  round  ftones  call- 
ed, probably  from  the  rotundity  of 
their  figure,  boulders-,  fomeof  which 
weigh  only  a few  ounces,  other  half 
a ton.  Whether  all  round  ftones, 
met  with  in  the  ftrata  of  the  earth,  or 
upon  its  furface,  have  received  their 
figure  from  the  aftion  of  water  is 
uncertain-,  but  that  many  of  them 
have,  the  fituation  in  which  they  are 
found,  will  not  fuffer  us  to  doubt. 
Not  far  from  Pontypool  there  is  a 
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3arge  mountain,  the  bottom  of  which 
is  waflied  by  the  river  UJk\  this 
mountain  contains  coal  and  iron  ftone. 
At  Newport  a confiderable  trade  i-s 
carried  on  with  coal,  which  has  been 
v/alhed  from  the  fides  of  this  and 
other  mountains  by  the  river : the 
coal  is  found  in  the  channel  of  the 
river,  in  round,  flat,  fmooth  pieces ; 
fo  perfeflly  refembling  in  fhape  river 
pebbles,  that  they  clearly  indicate  the 
manner  in  which  thefe  pebbles  have 
been  formed.  22.  What  fome  call 
white  toadilone,  Toulgrave^  Derby- 
fliire.  23.'  Brown  quartz  pebble, 
from  the  foreft  between  Mansfield 
and  Newark.  24.  Black  pebble  with 
red  fpots,  fame  place.  25.  Red- 
dilh  rag-ftone,  Helm-End,  near  Ken- 
dale.  26.  Eennarth  limeftone,  wafhed 
in  large  cobbles  from  the  ciifts  on  the 
Welch  fide  oiBriftol  channel ; the  lime 

y made. 


i 347  ') 

•Kiade  from  it  is  highly  efteemed  ia 
that  country  from  its  fetting  under 
water  •,  it  is  called  lion  lime  (perhaps 
lien)  from  its  binding  quality:  the 
ftone  is  of  a gray  colour,  and,  be- 
fides  the  proper  earth  of  lime,  con- 
tains a large  proportion  of  clay  and 

iron*  27.  Tranfparent  white  quartz, 
gravel  pits,  near  Cambridge.  28. 
T ranfparent white  quartz,  foreft  about 
Mansfield.  29.  White  opake  quartz, 
fame  place.  The  cryftals,  called 
Briftol  ftone,  are  efteemed  the  pureft 
fort  of  quartz.  It  is  commonly 
known  that  two  pieces  of  quartz, 
when  rubbed  together  in  the  dark, 
emit  a phofphoric  light,  accompanied 
with  a ftrong  fmell.  The  difference 
between  quartz  and  common  flint, 
confifts  nor  fo  much  in  the  colour, 
■for  both  quartz  and  flint  are  of  vari- 
ous colours,  .as  in  this,  that  quartz 

(though 
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(though  it  be  not  perhaps  an  abfo- 
lutely  pure  filiceous  earth)  contains  a 
lefs  proportion  of  clay  and  calcareous 
earth,  than  flint  does.  I have  ob- 
ferved  on  the  fea  coaft  at  Tarmouth^ 
quartz  pebbles  beginning  to  be  de- 
compofed,  and  verging  towards  .the 
flate  of  a white  argillaceous  earth : 
moft  of  the  fand  in  every  part  of  the 
world  confifts  of  quartz  or  flint  in 
pow'der-,  and,  as  matter  is  infinitely 
divifible,  the  imagination  can  fet  no 
bounds  to  the  minutenefs  of  the 
grains  of  fand  ; but  I have  fometimes 
doubted,  whether,  after  they  are  re- 
duced below  a certain  ftandard,  they 
may  not  conflitute  fome  other  fpe- 
cies  of  earth.  30.  Granite^  from  the 
marl-pits  in  Chefhire.  The  roads  in 
many  parts  of  Lancajhire  and  Chefhire 
are  paved  with  granite,  and  other 
hard  round  pebbles,  which  are  found 
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in  their  marl-pits,  or  fetched  from 
the  Welch  coaft-,  the  pavement  cells 
a thoufandiOr  twelve  hundred  pounds 
a mile  in  making.  31.  Granite,  from 
a large  block  near  Dallam  I’owery  in 
Weftmoreland.  Large  malTes  of  a 
reddijh  granite  arc  found  on  the  Tides 
of  the  hills,  in  the  vailies,  and  in  the 
beds  of  the  rivers,  not  only  about 
Shap,  but  in  various  other  parts  of 
Weftmoreland.  It  is  a queftion  of 
no  fmall  difficulty  to  account  for  the 
manner  of  their  being  placed  there : 
fome  will  have  it  that  they  have  been 
left  there  by  water;  and  others  think 
they  have  been  ejedled  from  the  bow- 
els of  the  earth  by  the  force  of  a vol- 
canic explofton.  Beds  of  granite  are 
found  in  many,  and  detached  pieces  in 
moft  parts  of  Europe.  The  higheft 
mountains  on  the  globe  are  formed 
from  the  loweft  ftrata  of  the  earth, 

and 
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and'  the  tops  of  the  highefl;  moun* 
tains  are  compofed  of  granite*,  and 
hence  granite  mountains  are  called 
primitive  mountains ; inafmuch  as 
the  ftrata  of  granite,  being  fttuated 
below  the  ftrata  of  rag-ftone,  fhale, 
limeftone,  &c.  of  which  many  other 
(called  fecondary)  mountains  are  com- 
pofed, muft  have  exifted  before  them. 
All  granites  are  compound  bodicsj 
they  confift  of  two,  of  three,  of  four, 
or  of  five  diftindt  fubftances  denomi- 
nated, by  writers  of  fyftems  of  mine- 
ralogy, quartz— felt  fpar — mica—Jiea- 
tites  — zndijhoerl.  It  belongs  to  the 
higher  chemiftry  to  analyze  the  com- 
ponent parts  of  granite,  to  explain 
their  origin,  and  the  manner  of  their 
combination ; and  to  enquire  whether 
they  are  fubjedl  to  a fpontaneoiis  fe- 
paration,.  and  what  kinds  of  fub- 

.is*  ' 

ftances> 
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ftances  will  arife  from  a ffratum  of 
decompofed  granite.  32.  Red  gra- 
nite, from  a Chelhire  marl-pit,  re- 
fembling  the  red  oriental  granite. 
All  the  varieties  of  red  and  gray  gra- 
nites, which  may  be  feen  in  the  works 
of  the  ancients  remaining  in  Italy^ 
might  be  found,  I believe,  in  differ- 
ent parts  of  Great  Britain ; without 
any  thought  of  making  a colledlion 
of  them,  I have  accidentally  picked 
up  near  twenty  different  forts.  33. 
Shale  from  Derbyfhire..  34.  QtiartZj 
white,  with  many  fmall  irregular 
holes : there  are  quarries  of  it.  in 
France,  and  v/e  import  mill-ftones 
' made  of  it.  The  holes  are  remark- 
able; it  looks  as  if  the  ftone  had 
been  worm-eaten;  but  the  holes  are 
formed,  I conjefture,  from  fome  of 
the'  principles,.of  the  ftone  being  de,- 

cayetl,. 


( 352  ) 

-cayed,  whilft  the  reft  remain  Intire. 
I have  frequently  feen  pieces  of  rog- 
Jlone,  and  even  fome  forts  of  gratiiie^ 
which  have  been  externally,  and  in- 
deed to  a very  fenfible  depth  below 
the  furface,  ftudded  with  little  holes 
from  the  fame  caufe.  35.  A cellular 
lava,  of  which  the  mili-ftones,  called 
Rheni/h,  are  made;  it  is  very  porous, 
of  a brown  dirty  colour,  and  in  ex- 
ternal appearance  like  a piece  of 
coak,  but  it  is  hard  enough  to  ftrike 
fire  with  fteel.  Strabo,  in  fpeaking 
of  an  eruption  of  mount  Etna,  very 
accurately  defcribes  the  formation  of 
this  fpecies  of  ftone,  which  in  his 
time  was  applied  to  the  fame  purpofe 
it  is  now;  I quote  the  Latin  tranfla- 
tion  of  the  pafTage—  lapide  in  crateri- 
bus  colliquato  ac  deinde  furfum  egefto, 
humor  veriici  fuperfufus  ccenum  eft  ni- 
grum. 
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grum^  per  montem  deorfum  fiuens : de~ 
inde  ubi  concrevit^  lapis  fit  molaris  *. 

The  analyzing  the  various  ftones 
which  are  met  with,  either  in  large 
beds  in  the  earth,  or  in  detached 
pieces  at  the  bottoms  of  the  rivers^ 
or  on  the  fea  coafts  of  the  kingdom ; 
and  the  lodging  the  fpecimens  in 
fome  public  Receptacle,  where  they 
might  be  feen  by  the  Students  in  Na- 
tural Hijtory,  might  occupy  very  ufe- 
fully  the  leifure  of  a philolbphical 
Chemift.  He  would  find  a far  greater 
variety  of  jafpers,  porphyries.,  granites, 
flints,  limefiones,  fiates,  lavas,  &c.  than 
at  the  firfl:  view  of  the  fubjedt  he 
would  probably  expedt.  Experi- 
mental inveftigations  of  this  forti 
made  with  ability  and  caution,  in 
different  parts  of  the  world,  are  the 

only 
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only  furc  foundations  on  which  we 
can  ever  hope  to  build  any  probable 
fyftem  concerning  the  formation  of 
mountains,  the  antiquity  of  the  pre- 
fent  fornn  of  the  globe,  and  the  caufes 
of  the  viciflitudes  which  it  has  un- 
dergone. It  is  the  proper  province 
of  natural  philofophy  to  explore  fe- 
condary  caufes-,  they  are  the  Ifeps  on 
which  the  mind  of  man  afcends  from  - 
Earth  to  Heaven : for  the  more  di- 
fl-indlly  we  apprehend  the  number  and 
connexion  of  the  fecondary  caufes 
operating  in  this  little  fyftem  which 
is  fubmitted  to  our  view,  the  more 
certainly  ftiall  we  perceive  the  necef- 
fity  of  their  ukijiately  depending, 
like  the  links  of  Homer's  chain,  on  a 
First. 
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The  Arabic  number  denotes  the  page,  and  the 
Roman  the  volume* 


^ BERTSTlvrfH,^  a mipt  eflablifhed  th6re 
in  1637,  for  coining  Welch  filver,  iii.3 13. 

JSi  of  Parliament^  making  it  felony  to  tranf- 
mute  metals,  pafTed  5 H.  4.  i.  22,— repeal- 
ed in  1689,  by  the  intereft  of  Mr.  Boyle, 
i.  24.  — to  prevent  difputes  concerning 
Royal  mines,  iii.  308.  — prohibiting  the 
exportation  of  iron,  copper,  &c.  iv.  73.“ 
partially  repealed,  iv,  76. 

Academy y chemical,  inftitution  of,  recom- 
mended for  the  improvement  of  metallur- 
gy»  i-  47- 

Acids  in  generaly  diftinguifhed  from  other  fa- 
line  bodies  by  their  tafte,  and  by  their 
changing  the  blue  colour  of  vegetables  into 
a red,  1,113. — mineral,  vegetabkj,  animal  | 
Z a vi- 
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vitriolic,  nitrous,  marine,  native,  fa6litiou% 
cmpyreumatic,!.  1 14. — general  table  of, and 
of  their  combination  with  alkalies,  i.  144, 

Acid^  marine^  how  obtained  from  fea  fait,  ii. 
34.  — ftrongeft,  con  fills  of  a volatile  acid 
vapour  and  water,  ii.  36  — combined  with 
the  mineral  fixed  alkali  makes  common 
fait,  ii.  37. 

Acid^nitrous^  how  obtained,  i.248. — red  fumes 
of,  continue  after  the  acid  itfclf  is  changed 
to  a blue  or  green  colour,  ib.  — may  be 
procured  by  dillilling  nitre  with  fand,  i. 
253.  — united  with  vegetable  fixed  alkali 
makes  nitre,  //^.  — poured  on  oil  of  turpen- 
tine caufes  an  inflantaneous  inflammation, 
i.  255. — its  effedl  on  various  other  oils,  i. 
257. — mixed  with  fpirits  of  wine  remains 
cold  for  feveral  minutes,  and  at  length  be- 
gins to  boil  violently,  i.  259.  — mixed  with 
common  water,  or  with  fnovv  water,  gene- 
rates a great  degree  of  heat,  i.  261.  — mix- 
ed with  fnow  produces  the  grcatefl  degree 
of  cold  ever  obferved  on  the  furface  of  the 
earth,  i.  262.  — whether  compofed  of  fixed 
.air  and  volatile  alkali,  i.  311.  — diffolves 
Derbyfhire  lead  ore,  and  feparates  fulphur 
from  it,  iii.  328. 

Add^^itriolky  efleemed  the  univerfal  acid,  and 
thought  to  be  compofed  of  earth  and  wa- 
ter, i,  146.  — the  fame  as  the  acid  feparable 
from  fulphur  by  combuflion,  i.  210. — ob- 
tained from  the  diilillation  of  green  vitriol, 
i.  211. — and  from  the  burning  of  fulphur. 
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I. 214.— when  with  water,  called 

fpirit  of  vitriol,  i.  215. — when  very  flrong, 
called  oil  of  vitriol,  and  when  folid,  gla- 
cial oil  of  vitriol,  i.  2 1 6.  — combined  in  the 
bowels  of  the  earth  with  iron,  forms  na- 
tive vitriols,  i.  217.  — foftens  caft  iron,  i. 
218. — when  united  to  copper,  is  feparated 
therefrom  by  iron,  i.  234. — united  with 
water,  produces  a greater  degree  of  heat 
than  that  in  which  water  boils,  i.  260. — 
not  received  into  the  pores  of  water,  i.  261. 
—united  with  calcareous  earth,  forms  gyp- 
feous  alabafter,  plaher-ftone,  ftriated  gyp- 
fum,  rhomboidal  felenites,  ii.  296. — united 
with  clay,  forms  alum,  ii.  313. — might  be 
procured  during  the  fmelting  of  lead  ore, 

II, 291.  — tranfudes  through  the  pores  of 
the  Ikin  of  thofe  who  drink  it,  iv.  254. 

' Affinity^  chemical,  explained,  i.  229. 

Agricola^  a German  phyfician  and  great  me- 
tallurgift,  i.  29. — knew  not  that  calamine 
contained  zinc,  iv.  21. 

Air^  atmofphericaly  the  menflruum  of  the  in- 
flammable principle,  iii.  40.— diminilhed 
in  bulk  and  denfity  by  burning  bodies,  iv. 
41.  — near  the  furface  of  the  earth  more 
loaded  with  vapour  than  at  a diilance  from 
it,  iii.  69. — its  power  of  diflblving  water 
depends  on  its  denfity,  heat  and  drynefs, 
ni,  90.— degree  of  heat  in  which  it  begins 
to  be  feparated  from  water,  iii.  144,— 
quantity  of,  contained  in  water,  iii.  153. 
~a  definite  bulk  of,  may  be  wholly  ab- 
3 forbed 
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' forbed  by  a proper  quantity  of  boiled  wa- 
ter, iii.  153. — when  abforbed  in  part,  the 
remainder  unfit  for  animal  life,  in.  154  — 
difTolved  in  water,  increafes  the  bulk  of  it, 
iii,  178. 

Aityfixed^  quantity  of  contained  in  calcareous 
earths,  ii.  245. — weight  of,  compared  with 
that  of  common  air,  ii.  2.^6. — contained  in 
the  atmofpherc,  ii.  247.  — in  fait  of  tartar, 
pot-afh,  &c.  ii.  249.  — called  aerial  acid  — 
chalky  acid  — mephitic  air,  iv.  i 2.  — con- 
ftitutes  a third  of  the  weight  of  fome  forts 
of  calamine,  iv.  13. 

Aiiy  hifiammahUy  feparated  from  oak  by  di- 
llillation,  ii.  329. — from  all  vegetable,  ani- 
mal, and  inflammable  mineral  fubftances 
by  the  fame  procefs,  ii.  330. — by  putrefac- 
tion from  vegetable  and  animal  fubflances, 
and  from  {linking  water,  ii.  331. — and 
. from  the  flomachs  of  dead,  and  the  lower 
inteflines  of  living  perfon.«,  ii.  332. — vari- 
ous queries  concerning  that  feparable  from 
vegetables  by  dlllillation,  ii.  335. — met 
with  in  fubterraneous  caverns,  iii.  8. — its 
refcmblance  to  phlogifton  noted,  iii.  35, — 

374* 

Alabafiery  calcareous,  gypfeous,  cafy  method 
of  diflinguifhing,  ii.  293. — ufed  by  the  an- 
cients for  the  fame  purpofes  as  by  u:.,  ii. 

' 294.  — weight  of  a cubic  foot  of,  ii.  295. — 
foluble  in  water,  ii.  299.— raifed  in  great 
. plenty  in  many  parts  of  England,  ii.  302. 
. — ufed  by  the  potters  and  plaflerers,  and 
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for  flooring,  ii  303. — large  blocks  of,  got- 
ten in  Nottinghamfliire,  ii.  307.— apt  to 
lofe  its  polifli  by  expofure  to  the  air,  ii. 
309.  — analyfis  of,  ii.  3 i r . 

Alembicy  derivation  of  the  term,  i.  63. 

Alchemy^  tranfmutation  of  metals  denoted  by, 
ig,  I. — derivation  of  the  term,  uncertainty 
of  the  time  when  firft  cultivated  as  a di- 
llind;  branch  of  chemiitry,  i.  16.  — account 
of  Boerhaave’s  experiments  in  refutation 
of  alchemy,  iv.  231. 

Alexander  Aphrodifeus  quoted  relative  to  the 
filvering  of  looking-glafles,  iv.  248. 

Alkali,  Jixedy  derivation  of  the  term,  i.  1 15.— 
plants  cultivated  in  Spain  for  the  produc- 
tion of,  i.  117. — hint  concerning  the  ufe 
of  our  fait  marfhes,  ib. — procured  from  the 
burning  of  fea  wrack,  i.  1 18. — evaporable 
in  a flrong  heat,  i.  129. — contained  in 
common  fait,  and  thence  called  mineral, 
foflil,  or  marine  fixed  alkali,  i.  129. — this 
the  fame  with  the  natron  of  the  anpients,  i. 
1 30. — met  with  in  Egypt  on  the  Pic  of  Te- 
nerilfe  and  in  Barbary,  ib* — contained  in 
the  aflies  of  other  vegetables  as  well  as  of 

, ^ o 

maritime  plants,  and  thence  called  vegeta- 
ble fixed  alkali,  and  pot-a(h,  i.  131. — - 
quantity  of  vegetable  alkali  procurable  from 
oak  allies, &c.  i.  133. — hint  concerning  the 
procuring  mineral  fixed  alkali  from  com- 
mon fait,  i.  136.— difference  between  the 
mineral  and  vegetable  fixed  alkali,  i.  139. 
— both  kinds  met  with  in  old  mortar,  i. 

Z+  295 
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295  — 298.  — conjedlure  conecrning  their 
change  into  falt-petre,  i,  299. 

Alkaliy  volatile,  procured  chiefly  from  animal 
fubitances,  i.  141 . 

Alumy  what,  ii.  31 1.  — analyhs  and  compofi- 
tion  of,  ii.  312.  — made  accidentally  from 
placing  a cracked  faucer  of  yellow  ware  on 
a coal  cinder  lire,  ii.  3 » 3.  — formed  by  fub- 
terraneous  fires  in  Staffordfliire,  and  in  the 
Solfatara  near  Naples,  ii.  314.  — made  in 
England  from  calcined  fnale,  ii.315. — 
quantity  of  calcined  (hale  rcquifite  for  the 
formation  of  a ton  of  alum,  ib, — cxpencc 
. of  making  a ton  of  alum  at  Whitby,  ii. 

Amalgam^  what,  iv.  238.  — of  tin  and  quick- 
fiiver,  fuppofed  efficacy  in  purifying  water, 
. iv.  239. 

Ambery  uncertainty  of  its  natural  hiftory,  iii. 


1 2. 

Ambergris,  faid  to  be  a part  of  the  fpermaceti 
whale,  iii.  14. 

Ambroje,  bilhop  of  Milan,  quoted,  iv.  94. 

Analyfis  of  bodies,  what,  i.  99. 

Anglejey,  great  copper  mine  there,  i.  240. 

Antimony,  greatly  commended  as  a.  medical 
drug  by  Baf.  Valentine,  i.  21. — of  what  ic 

• is  compofed,  iv.  168.  — its  metallic  part 
poifonous,  ib. 

Aqua fortis,  what,  i.  251. 

Arabs,  their  mode  of  revenging  themfelvea 
on  the  Turks  of  Baffora,  iii.  59. 

^ Arabic  books,  tranfiation  of,  into  Latin  in  the 

jjth 
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' i'3th  century  excited  many  to  iludy  chc- 
miftry,  i,  19. 

Archaic  a corruption  of  aurichalcum,  iv.  96. 
Arts,  beginning  of,  preceded  the  invention 
. of  letters,  i.  i.—  many  brought  to  perfec- 
tion before  the  deluge,  and  loft  at  that 
time,  i.  2.  — progrefs  of,  flow,  i.  238. 
Afphaltum,  thrown  up  from  the  bottom  of  the 
lake  where  Sodom  and  Gomorrah  flood, 
iii.  3.  — found  in  the  fame  place  in  the  time 
of  Efdras,  iii.  4.  — called  by  the  Egyptians, 
from  its  being  ufed  in  embalming  dead  bo- 
dies, mumia  mineralis  — little  of  it  brought 
into  Europe,  ib, 

Atmofphere,  conjedure  concerning  the  man- 
ne-r  of  its  original  formation,  i.  104*. — 
deprived  of  heat  would  conftitute  an  hete- 
rogeneous cruft  on  thefurface  of  the  earth, 
i.  105. — variably  heated  by  the  adlion  of 
the  fun,  ii.  85. — of  what  it  confifts,  ii.  91. 
AitraSiion,  unknown  principle  of  caufe  of  fo- 
lidity,  i.  5 1. 


B. 

Bacon,  Roger,  cultivated  chemiftry,  i.  19.— 
died  in  1292,  i.  333. — knew  the  composi- 
tion of  gunpowder,  i.  336. — probably  de- 
rived his  knowledge  of,  from  Arabic  lite- 
rature, i.  337. 

Baker,  Sir  G,  his  eftays  referred  to,  iii.  373. 

Barilla,  a maritime  plant  cultivated  in  Spain, 
i.  1.17, — quantity  of  faline  matter  contain- 
ed in  30  ounces  of  its  afties,  i.  1 2 1 . — its 

afhes 
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afhes  contain  a greater  quantity  of  fixed 
alkali  than  kelp  afhes  do,  i.  128. 

Bay  Jult^  how  made  in  warm  climates,  ii.  52. 
— naturally  formed  by  the  heat  of  the  fun 
in  many  countries,  ii.  54.  — might  be  made 
in  England,  ii  5 — a new  method  of  mak- 

ing hinted  at,  ii.  57. — differs  from  fait 
prepared  by  boiling,  ii.  60. 

Baver^  profeflbr,  fuppofes  eledlricity  to  be 
the  caufe  of  the  aicent,  fufpenfion,  and  de- 
fcent  of  vapours,  iii.  76. 

Beecher  introduced  into  Cornwall  the  method 
of  fmelting  tin  by  pit-coal,  i.  33. — had  a 
notion  of  feparating  pitch  and  tar  from 
pit-coal,  ii.  346. — denied  that  water  could 
be  changed  into  earth  by  vegetation,  iv. 
296.  • 

Belloi.vSj  invention  of,  improperly  attributed 
to  Anacharfis,  iii.  270. — method  of  moving 
by  a water  wheel  not  known  to  the  anci- 
ents, iii.  271. — advantages  reaped  by  the 
moderns  from  the  difeovery  of  that  me- 
thod, iii.  272. 

Bevj^a/.  heat  in,  iii.  56. — rainy  feafon  in,  iii. 

57- 

Bergmany  profefibr,  his  analyfis  of  calamine, 
iv.  16. — his  hillory  of  zinc,  iv.  26. — omits 
in  that  hiflory  the  mention  of  Dr.  Jfaac 
Lavyfon,  iv,  33. 

Bi/muthy  magiftery  of,  what,  turned  yellow 
or  black  by  phlogilHc  vapours,  iii.  365.— 
mixed  with  certain  proportions  of  tin  and 
lead  conftitutes  a folid  metallic  fubftance 

which 
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which  melts  with  the  heat  of  boiling  wa- 
ter, iv.  igo, 

Biq^otry  in  religion,  cured  by  natural  phiiofo- 
phy,  i.  89. 

Birmingham  manufadlurers  petition  the  Houfe 
of  Commons  againlt  the  exportation  of  un- 
wrought  brafs,  iv.  77. 

Bhumtrn  yield  by  diilillation,  produdls  of  the 
lame  kind  as  thofe  obtainea  from  pit-coal, 
and  from  wood,  iii.  1 — are  either  fluid,  as 
naptha  and  petroleum — tenacious,  as  mi- 
neral pitch,  iii.  2. — orfolid,  as  afphaltum, 
iii.  3. — experiment  illuftrating  the  conflu- 
ence of  bitumens,  iii.  5. — and  conjedlure 
concerning  their  formation  fuggelled  by  a 
remaikabie  rock  in  the  Duchy  of  Modena, 
iii.  9. — found  in  the  flratum  of  fhale-bind 
in  Derbyfhire,  iv.  345. 

Black-Jack^  an  ore  of  zinc  employed  not 
many  years  ago  for  mending  the  roads  in 
Wales,  i.  45.-^  weight  of  a cubic  foot  of, 
i,  47. — diflblved  in  the  acid  ot  vitriol  yields 
an  air  which  impregnates  water  with  the 
fmell  of  Harrowgate  water,  iii.  199. — va- 
pour from  the  folution  left  a purple  (lain 
on  a plaflered  wall,  refembling  the  purple 
fediment  of  fulphureous  waters,  — mif- 
taken  for  lead  ore,  iv.  5. — general  account 
of  its  conftituent  parts,  iv.  19.- -where 
found,  iv.  20. — ufed  for  making  of  brafs, 
ih. — that  application  of  it  but  lately  known 
in  Derbyfhire,  iv.  21. 

Blende,  the  German  name  for  black-jack,  iv. 

4 — 
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' 4. — phofphoric  quality  of  blende  from 
Freiberg,  iv  43. 

Blue~John,  a kind  of  fpar  fufible  in  a flrong 
fire — Weight  of  a cubic  foot  of — when  firlt 
applied  to  its  ptefent  ufe,  ii.  277.—  found 
at  CalHetoh  and  Critch  in  Derbyfhire  — 
price  of  a ton,  ii.  278. 

Boerhaave^  cenfured  i'af.  Valentine  for  his 
commendation  ot  every  antimonial  prepa- 
ration, i.  2 I . —his  notion  of  fire,  i.  1 38. — 
inidaken  as  to  the  degree  of  cold  in  which 
animals  can  live,  i.  265. — produced  zS 
degrees  of  cold  bydiffolving  fal  ammoniac 
in  water,  iii.  i 37.  — account  of  his  experi- 
ments on  qiiickhlver,  iv.  230. 

Boies,  places  in  Derby Ihire  where  lead  has 
been  fmelted  without  the  aflillance  of  a bel- 
lows, iii.  265.— how  fituatcd,  iii.  266. — 
a pig  of  lead  fmelted  in  the  time  of  Adrian, 
dug  up  at  one  of  them  in  1766,  iii.  267  — 
this  method  of  fmelting  not  gone  cut  of 
ufe  in  the  lafl  century,  iii,  269. 

Bornare,  miftakes  the  meaning  of  the  word 
nsrofus,  iv.  93. 

Books,  alchemical  ones,  all  ordered  by  Dio- 
cletian to  be  burned,  i.  14. — above  5000 
on  alchemy  publifhed  fince  his  time,  i.  15. 
— near  1000  publifhed  by  the  feveral  phi- 
lofophical  focieties  in  Europe  fince  1^65, 

i-  36-  . . 

Brafs,  how  made,  iv.  40.— increafe  of  weight 
obtained  by  the  copper  ufed  in  making 
brafs,  iv.  50. — increafe  depends  on  the  qua- 
lity 
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lity  of  the  copper,  iv.  5 i — old  brafs  mixed 
with  the  compofition  ufed  for  making  brafs 
improves  its  dudlility,  iv.  52. — malleabi- 
lity of,  injured  when  made  with  pit-coal, 
iv.  53. — made  with  black-jack,  ik.  — fem 
many  purpofes  more  ufeful  than  copper, 
iv.  54.. — changed  by  fire  into  copper,  iv« 
59.—  varieties  in  the  colour  of,  to  what 
owing,  ib.  — weight  of  a cubic  foot  of  Brif- 
tol  plate  brafs,  and  of  brafs  which  had  been 
long  expofed  to  the  fire,  iv.  58  — method 
of  making  quite  pure,  iv.  64. — made  from 
melting  zinc  and  copper  together,  iv.  47. 

— and  by  combining  the  vapour  of  zinc 
with  copper,  iv.  65.— not  neceffary  to  have 
it  pure  in  many  manufadlories,  iv.  66. — 

— manufaftory  of,  hiflory  of  its  eftablifh- 
ment  in  England,  iv.  69. — exportation  of, 
prohibited  by  Hatute  in  the  reign  of  Hen. 
VIII.  iv.  75. — bill  for  repealing  that  fla- 
tute  pafTed  by  the  Commons  in  1783,  iv. 
75  . — and  thrown  out  by  the  Lords,  iv.  77  . 

— reafons  for  throwing  it  out,  iv.  79. — 
Englifh  unwrought  brafs  allowed  to  be 
imported,  free  of  duty,  into  various  coun- 
tries, iv.  81. — trade  of  making  of,  will 
probably  be  much  aiFeded  by  a late  agree- 
ment of  the  copper  companies,  iv.  84.— 
making  of,  not  a modern  invention,  iv.  88. 

Brauriy  account  of  his  difeovery  of  the  con- 
gelation of  quickfilver,  i.  265. 

Brazil — brafs  lumps  what,  i.  191. 

Brine  Iprings,  the  ilrongefl  yield  one  fourth 

of 
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of  their  weight  of  fait,  ii.  48. — met  with 
in  Chefliire,  Worcellerfhire,  StafForcifhirc, 
ii.  49.—  advantage  of  ftrengthening 
weak  brine  or  Tea  water  by  rock  fair,  ex- 
plained, ii.  5 I . — concentrating  weak  brine 
by  frok  recommended,  ii.  1^1. 

St.  Edmund y heat  of  the  fprings  there, 

iii.  190. 

C. 

Cadminof  Pliny,  what,  iv.  9?. 

Cnlamine  an  ore  of  zinc,  iv.  i.  — derivation  of 
the  term,  iv.  2. — where  found,  iv.  5. — 
formerly  exported  from  Great  Driiain  as 
ballad,  its  ufe  now  well  underdood,  iv.  6. 

— quantity  annually  raifed  in  Derbyfhire, 

iv.  8. — Derbyfhire  calamine  cheaper  than 
that  of  Somerfetfhire,  iv.9.  — lofes  one  third 
part  of  its  weight  by  folution  in  the  acid 
of  vitriol,  and  by  calcination,  iv.  10. — all 
forts  of  calamine  do  not  lofe  of  their  weight 
by  folution,  iv.  16. — method  of  drefling  it 
for  the  brafs-makers,  iv.  17.  — formerly 
thought  to  contain  no  metallic  fubftance, 
iv.  21.  — reafon  of  the  millake,  iv.  22.  — 
zinc  obtained  from  it  by  Marggraf,  iv.  23. 

— ufed  by  the  ancients  for  the  making  of 
brafs,  iv.  99. 

Callierdey  what,  iv.  340. 

Cannon,  brafs,  compofition  of,  iv.  126.  — cad 
at  Woolwich,  iv.  127. — price  per  ton  of, 
cading  there,  iv.  128.  — thicknefs  of,  at 
the  muzzle,  and  at  the  touch-hole,  iv.  130. 
— ^gives  a louder  report  than  iron  cannon, 
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ih»  — why  not  cad  of  copper  alone,  iv. 
*3*- 

Cardiganjhire^  lead  mines  in,  have  afforded 
much  filver,  iii.  312. 

Carmine^  from  what  prepared,  Iv.  229. 

Ca^ky  weight  of  a cubic  foot  of,  i.  47. 

Qekt  Britifh  inftrument,  ufe  of,  uncertain,  iv, 

58.  — weight  of  a cubic  foot  of,  ib. — melt- 
ed gave  indications  of  containing  zinc,  iv. 

59. -"Contains  no  lead,  — weight  of  a cubic 
foot  of,  after  being  melted,  ib, 

Celtiberiansy  their  method  of  hardening  their 


arms,  1.  220. 

Charcoaly  emits  neither  vapour  nor  fmoke 
during  combuftion,  i.  170.  — diftilled  with 
vitriolic  acid,  yields  fulphur,  and  is  re- 
duced to  alhes,  i.  175. — manner  of  making 
of,  iii.  17. — quantity  obtained  from  equal 
weights  of  various  woods  by  the  fame  de- 
gree of  heat,  iii.  27. — attradls  in  cooling 
fomething  from  the  air,  iii.  27 — 43. — of 
lefs  dimenfions  than  the  wood  from  which 
it  is  made,  iii.  28.-62  pounds  of  it  being 
burned  yield,  according  to  Van  Helmont. 
61  pounds  of  an  elalVic  vapour,  called  firft 
by  him  Gas,  iii.  30.— different  accounts  of 
the  quantity  of  afhes  procured  from  the 
burning  of  charcoal,  iii.  31. — the  differ- 
ence accounted  for,  iii.  32.— atmofpherical 
air  rendered  dellrudive  of  life  by  paffing 
through  red  hot  charcoal,  or  by  charcoal 
being  burned  in  an  apartment  in  which 
there  is  not  a fupply  of  frefh  air,  iii.  37.— 

Ruffian 
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Ruilian  method  of  recovering  perfons  (uf- 
f>.)cated  by  fumes  of  charcoal,  iii.  38. — ten 
cubic  inches  of  air  reduced  to  nine  by  be- 
ing pafTed  through  red  hot  charcoal,  iii. 
39. — not  decompofed  by  long  expofure  to 
air  and  water,  iii.  48. 

Charring  of  wood  ufed  in  foughs  and  mines 
recommended,  iii.  49. 

Chemijiry^  hiilory  of,  its  rife  and  progrefs,  i, 
I,  &c. — derivation  of  the  term,  i.  68. 

Cherry- Hinton,  heat  of  the  Ipring  there  at  all 
feafons,  iii.  190. 

Chert,  found  at  Bake  well  in  Derby  (hire,  ufe 
of,  ii.  263. — fubllitute  for  flints,  ii.  264. 

/ Chimney,  horizontal,  for  the  fmelting  of  lead 
ore  recommended,  iii  284. 

China,  oriental,  component  parts  of,  ii.  273. 
— fubflances  in  Great  Britain  refembling 
its  component  parts,  ii.  274. — German  as 
uhvitrifiable  as  the  oriental,  ii.  279.  — 
weight  of  a cubic  foot  of  oriental  china 
compared  with  that  of  Flint  ware,  yellow 
ware,  Brillol  ftone-ware,  ii.  282. 

Chryjlallization,  what,  i.  86.— owing  either 
to  a diminution  of  the  menftruum,  or  of 
the  heat  in  which  a body  is  diflblved,  i, 
84. — water  of,  what,  i.  123. 

Chryjlal,  term  whence  derived,  1.  86. — anci- 
ents fuppofed  rock  chryflal  to  be  congealed 
water,  ib. 

Cinder  of  pit-coal  increafes  in  weight  by  ex- 
pofure  to  the  air,  iii.  46. 

Cinnabar^  an  ore  of  quickfilver,  iv.  zij*  — 

Jevi- 


'levigated  becomes  vermilion,  iv.  229.— 
fineft  fort  from  Japan,  iv.  230. 

Clay^  fine  white,  contains  above  half  of  its 
^ weight  of  fand,  ii.  238,— conftitutes  the 
^bafis  of  all  earthen  ware,  ii.  239. — blue, 
near  Cambridge,  analyzed,  ii.  288.  — con* 
'tradcion  of,  in  burning  into  brick,  ii.  289. 
— life  of,  in  promoting  vegetation,  ii.  291. 
■ClyJJus  of  nitre,  what,  i.  3 11, —yields  volatile 
alkali,  ib, 

Coaky  made  at  Nevvcaflle  and  Cambridge 
compared,  ii.  339. — becomes  denfer  by  a 
longer  expofure  to  the  hre,  but  lofes  there- 
by  much  oF  its  weight,  ii.  342. — recom- 
mended for  the  making  of  pig-iron,  ii. 

' 34.4.  — whether'  there  is  not  a definite 
weioht  to  which  a ton  of  coal  fiiould  he 

O 

reduced,  in  being  converted  into  coak,  in 
^ order  to  be  applied  to  the  greatell  advan- 
tage to  the  fluxing  of  iron  ore,  ii.  34^ — 
patent  for  the  preparation  of,  grained 
lately  in  France,  iv.  207. 

Coaler ies  on  fire  in  Scotland  and  in  Siafford- 
fhire,  i*  200. 

Cohalt,  ores'  of  Flefle,  produce  an  income  of 
14000;^.  a year,  and  formerly  employed  in 
mending  the  roads,  i.  43. 

C^.olcothar, ‘whzty  ufed  in*  Paris  for  polifliing 
plate  glafs,  i.  212. 

greateft  ever  known  produced  by  dif- 
folving  fnovv  in  acid  of  nitre,  i.  262  -pro- 
dudlion,  by  evaporation  mentioned  by  va- 
rious, visiters,  iii.  134. — produced  by  the 
iV-QL.IV#  A3-  folu*- 
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^'Tal^tion; of  falls,  iii.  136.  — the  greateft  de- 
gree produced  by  the  folution  of  fal  am- 
-inoiiiac,  — quantity  produced  by  the  fo-, 
lution  of  the  fame  fait  always  the  fame, 
whatever  be  the  temperature  of  the  water 
previous  to  folution,  iii,  138. — quantity 
,produced  by  diifetent  falts  does  not  depend 
on  any  general  principles  hitherto  difeo- 

. vered,  iii.Ti^i. 

•Colours y excellency  of,  referred  to  the  good- 
nefs  of^the  alkali  uCed  in  dying,  i.  301. 

Compnfsy  mariners,  according  to  BufFon  known 
to  the  ancients,  iv.  1 17. 

Concentration,  what,  i.  70. 

^Copper  Waters,  copper  obtained  from,  by 
means  of  iron,  i.  234. — reafoa  of  the  pro- 
cefs,  i.  256. 

^Copperas  Stones,  what,  1.  191. 

^Copper  frft  coined  at  Rome  by  Servius  Tul- 
lius, and  the  only  money- ufed  by  the  Ro- 
mans till  the  48Gth  year  U.  C.  iii.  257.— 
•weight  of  a cubic  foot  of  different  forts,  iv. 
56. — denhty  much  increafed  by  hammer- 
ing,  iv.  57,— ^malleability  not  the  only  cri- 
>terion  of  its  goodnefs,  iv.  68. — veflcls  of  i^ 
kept  clean  may  be  ufed  with  fafety,  iv. 
185. — art  of  lilvering  of,  known  to  the 
Romans,  iv.  187.-:- how  plated  with  filver, 
iv.  209. — thinnefs  of  the  filver  on  plated 
copper,  iv.  210.— plating  with  tin  hinted 
at,  iv.  211. — art  of  plating  with  filver 
when  and  by  whom  Hrll  pradifed  in  Eng- 

• land, -iv.  212.—  linelldbrt  from  Japan,  iv, 

230, 
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'Sr30.~houres- covered  with,  in  Sweden,  Ir. 
324, — weight  of,  as  a covering  for  houfes, 
compared  with  that  of  lead^  flate  and  tile, 
iv.  326. 

^Cra^etiy  in  Yorkihire,  lead  ore  rich  In  filver 
there,  iii.  3 1 2. 

' Cupellation  — cupeU  what,  iiL  326. 

'Cupola  furnace,  when  introduced  into  Der- 
byfhire,  iii.  273. — called  by  foreigners  the 
Englilh  furnace,  iii.  274.  — its  advantages, 
iii.  276.— method  of  fmelting  in,  deferib- 
‘ ed,  iii.  278. 

D. 


Dnijityj  mean,  of  the  earth  to  that  of  w’ater 
as  to  r,  i.  202.  — conjedure  concerning 
the  caufe  of  the  great  mean  denfity  of  the 
earth,  i.  203. 

■ Dephleg??iation,  what,  i.  70. 

\DerhyJhire  llrata,  thick neffes  of,  ii.  206. 
Detonation  of  nitre,  what,  i.  3 10. 

failing,  colleded  by  fomc  bodies  and 
not  by  other,  iii.  63.-^ of  great  ufe  to  the 
, vegetation  of  trees  in  Egypt,  iii.  67. 

' pianiom/s  wholly  volatile  in  a 'degree  of  heat 
in  which  rubies  were  unchanged,  i.  53. 
■'Dio/cori^esy  .phyiiacin  to  CIeopatra,-knew  how 
to  fublime  .quieklilver,  and  to  colled  an 
oil  from  boiling  pitch,  i.  63. 

■^Diocletian,  in  the  3d  century,  ordered  all 
chemical  books  to  be  burned,  i.  14. 

^<DiJl illation,  what,  i.  59. — various  kinds  of,  i. 

• 62. — when  introduced  into  Europe,  i.  64. 
fr-noc  known  10  Diofeorides,  i.66. — known 
‘A  a 2 to 
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-’to-Gcber  the  Arab,  and  to  Zofinius  of  Pa- 

• ‘nopolis,  i.  68. 

^Utch  faid- to  extra6l  filver  from  lead,  which 
cannot  in  England  be  refined  to  advantage, 
•'iii.  330.  ' 

E. 

Earth,  argillaceous,  how  clilVmguifhcd  from 
•other'earths,  ii.  255. 

Earth,  calcareous,  whence  fo  denominated, 

• ii.  175. — different  forts  of,  burned  to  lime, 
'ii.  1 78.— a definite  degree  of  heat  rcquifuc 

to  convert  any  one  fort  of, -into  the  belt 
lime  it  will  afford,  ii.  180  — 228. — mixed 
with  clay  eafily  vitrified, 'ii.  184. — w'eight 
of  a cubic  foot  of  12  forts,  ii.  187. — quan- 
'•tity  of  lime  obtained  from  each  of  the 
forts,  ii.  190.  — and  from  12  other  forts,  ii. 
192. — medium  weight  of  a bufhel  of  chalk 
before  and  after  calcination,  ii.  194. — re- 
covers in  fome  inflances,  by  expofure  to 
’ :the  air,  the  whole  of  the  weight  loll  by 

• ‘Calcination,  ii.  220.— not  altered  in  its  di- 
menfions  by  calcination,  ii.  230.  — lofs  of 
weight  fulUined  by  various  forts  of,  by 
folution  in  an  acid,  ii.  239.—  w'eight  loll 
by  foliition  nearly  equal  to  that  loll  by 
• calcinaiion,  ii.  245. — the  fubllance  w'hich 

is  loll  a fpecies  of  air,  ii.  246.—  heavier 
-than- common  air  in  the  proportion  of  3 to 
2,  but  contained  in  the  atmofphere,  ii.  247. 
—whether  water  is  contained  in  pure  cal- 
- careous  earth?  ii.  252.  iV.  13. 

'Earth,  Fuller’s,  exportation  of,  prohibited, 
iv.  Sc.  . * - H Earthy 
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Earthy  mean  denfity>  i.  ?02.--%irTi 

ternal  heat  of  48°,  ii.  85. — quantity  of  v.  a- 
ter  evaporated  from  a definite  part  of  .its 
furface,  iii.  51.  ; . , 

Edinburghy  mean  lieat  of  the  fprirlgs  there, 

iii.  193-..  . ^ • • • . 

Egyptians  in  making  coloured  gl-afis,  in 

metallurgy,  in  dying  leather  and,  linen,  i;i 
engraving  upon  precious  hones,  i.,  13.  — c^f 
the  four  peiiods  of  learning  mentioned  by 
Pliny  the  Egyptian  the  firli  — bool>s  biu'n- 
cd  by  the  order  of  Diocletian,  Jell  the  E- 
gyptians  Ihould  learn  the  art  of  making 
gold,  i.  14. — knew  the  method  of  rcfiidng 
gold  by  lead,  iii.  322. 

ElementSy  chemical,  what,  i.  ico. 

Elizabethy  Queen,  wife  policy  of,  in  promot- 
ing the  knowledge  of  metallurgy,  i.  30. 

> iv.  69. 

* Enamel  and  china  painting,  colours,  for,  how 
made,  iii.  320. 

tern  pie  of,  built  on  charred  piles,,  iii. 

4^.  ■ ..  . . • 

Ethevy  what,  degree  of  cold  produced  by  eva- 
. poration  of,  iii.  123.  • ' • 

Evaporation  not  limply  owing  to  heat,  pro- 
moted by  dry  winds,  proportional  to  the 
furface  of  the  fluid,  i.  37.  — bell  dimenfions 
of  veflels  fitted  for  the  evaporation  of  fluids 
] not  yet  afeertained  by.experimcnt,  i.  59. — 
cold  produced  by,  iii.  120.— degree  pro. 
duced  depends  .on  the  Hate  of  the  aimo- 
Ipherc,  iii.  — method  of  coojing.  li- 
■'  ^ ^ 3 qucr.s  • 
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quors  by,  iii.  125 — 129. — ice  produced 
in  the  Eaft  Jndics,  iii.  127. 

Exportation  of  iron,  copper,  brafs,  5cc.  anci- 
cntly  prohibited,  iv.  75. 

F. 

Ftm  in  Cambridgefhire  more  unwliolfomc  ia 
dry  than  in  wet  fummers,  iii.  58. 

Filtration,  what,  i.  93. 

fire,  dilatation  of  the  dimenfions  of  bodies 
occafioned  by  it^  the  moll  certain  criterion 
of  its  prefence  and  agency,  i.  151. — its 
mode  of  adlion  attempted  to  be  explained 
on  Newton’s  piinciples  of  mutual  attrac- 
tion, i.  154.  — nothing  dillin^l  from  the 
parts  of  bodies  put  into  motion  by  various 
caufes,  i.  157. — Boerhaave’s  opinion  con- 
cerning it,  i.  1 58.  — Euler’s  opinion,  i.  161. 

• — elementary,  what,  i.  1 65. — fixed  or  phlo- 
giflon,  what,  i.  166. — fubierraneous,  cauie 
of  volcanos  and  earthquakes,  i.  181. — ori*^ 
gin  of,  iiluftrated  by  experiment,  i.  185. — 
generated  fpontaneoufly  by  tlie  fermenta- 
tion of  vegetable,  animal,  mineral  fub- 
ftances,  i.  188. 

Fixity,  what,  i.  53. — not  proportional  to  the 
hardnefs  of  bodies,  i.  54. 

Flint  enters  into  the  compofition  of  flone- 
ware,  ii.  263  — formerly  ground  with  gra- 
nite, now  with  chert,  ii.  264.^  fubjedt  to 
decay,  weight  of  a cubic  foot  of  black  and 
white,  iv.  61. 

Franklin,  Dr  , illudrates  the  principle  of  wa- 
ter being  foluble  in  air,  iii.  115. 

G.  Cull- 
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G. 

Gall-ntttSy  how  formed,  i.  243  — ferviceable 
in  difcovering  minute  portions  of  iron  in 
chalybeate  waters,  i.  244. 

Qebety  called  the  father  of  chemidry,  i.  \ S. 

— uncertainty  as  to  the  age  in  which  he 
lived,,!.  19. 

Genenja  lake,  temperature  of,,  at  dlfrerent 
depths,  ii.  138. 

Gliding  in  Or  moulu,  what,  iv.  218. 

Glafsy  coloured,  making  of,  known  to  the 
Egyptians,  1.9. — how  coloured,  iii.  320, 
—plate  made  in  Picardy,  i.  212;  — and  in 
Lancalhirc,  i.  213. — conjeAure  concernii\g 
'a  more  expeditious  metnod  of-polidii-ng,  i. 
214. — might  be  made  from  Wellmorclaad- 
flate,  &c.  iv,  333.  — folui  exillcnee  of,  p.“o- 
bable,  iv.  335, 

GlaJs-n.vort,  .all  the  forts  of,  called  kali,  -i.  1 1 3. 

Glaxcy  black,  ufed  at  Nottingham,  ii.  271. 

G6igmagog-Hilh,  Cambridge,  heat  of  th’c 
well  there,  ili.  |.?9.- 

GMen  Calfi  probably  filed  or  Hamped  into  a- 
fine  dull,  i.  1 2. 

Gold  ufed  in  commerce  1 ico  years  before  the 

- foundation  ofv  Rome,  iii.  258. — ilandard, 
what,  iii,  334. — tenuity  of,  on  gilt  wire, 
iv.  214. — difTolved  by  quickfilver,  iv,  21S. 

— feparated  by  quickfilver  from  earths  and 
ftones, d V.  22 1 . 

Gf^an/uof  Cornwall,  thought  to  refemble  the 
Chinefe  petunfe,  ii.  274.  — of. Aberdeen, 
weight  of  a cubic  foot  of— lefs  durable  than 
Aa4  Guerii- 
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Gucrnfey  pebble  when  ufcd  for  paviny*,. 
iv.  343. — found  in  detached  pieces  in  tic 
marl  pits  of  Chefhire,  on  the  Welch  coart, 
in  Wertmoreland,  $cc.  iv.  349. — primitive 
mountains  compofed  of,  iv.  350. — maay 
varieties  of,  found  in  Great  Britain,  iv.  35 1 . 
— fonie  forts  fubjccl  to  dccompcfiiion  by 
the  aftion  of  the  atmofphere,  iv.  352. 
CuJacum,  coal  of,  takes  hre  by  fimple  expo- 
fure  to  the  air,  iii.  45. 

Cun-metaly  of  what  compofed  in  different  parts 
of  Europe  in  the  lail  century,  iv.  lib.— 

' * how  made  now  at  Woolwich,  iv.  127. — in- 
jured by  lead,  ib, 

Gunsy  bfafs,  'weight  of  thofe  now  in  ufe  as 
call  at  Woolwici,  iv.  12S. 

' Cjitnpo^\jder  made  in  England  in  1417,  i.  284, 
—hiltory  of  its  difcovery,  i.  327.  — known 
to.  Roger  Bacon,  i.  335. — and  to  the  Chi- 
nefe  above  2000  years  ago,  i.  340. — of 
great  ufe  in- mining,  i.  340. — firil  u fed  in 
^ ■ that  W'ay  in  Germany,  i.  341.  — that  appli- 
cation of  it,  probably,  introduced  into  Eng- 
' land  by  prince  Rupert,  i.  344. — and  firll 
at  Edlon  in  Staffordfhire,  i.  342.  — how 
made,  ii.  i.  — charcoal  of,  foft  wood  not 
' preferable  to  that  of  the  hardell  for  the 

* making  of,  ii.  3. — made  without  fulphur, 
inferior  in  llrength  to  that  which  is  made 
with,  ii.  7. — quality  of,  injured  by  moif- 
ture,  ii.  10. — proportion  of  ingredients  in 
the  gunpowders  of  different  countries,  i^. 

' 16.— problem  of,  determining  the  beft  pof- 

* ’ • . • . _ 'dible 
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. fible  proportions  not  folved,  il.  1 8. — cau- 
tion to  be  ufed  in  drying  gunpowder  lell 
' the  fulphur  fhould  be  evaporated,  as  it  ail 
may  be  evaporated  without  an'  explofio'n 
taking  place,  ii.  19.  — explofion  takes  place 
in  the  Oooth  degree  of  Fahrenheit’s  ther. 

' ii.  20.  — effedl  of  moidure  on,  ii,  21. — 

' keeping  it  in  glazed  earthen  vefTels,  or  in 
vell'els  of  tin  or  copper  hinted  at,  ii.  22.. — 
method  of  analyzing,  ii.  24. — exemplified 
in  fome  forts,  ii.  28.— -bad  eited  of  fea  fait 
when  mixed  with  falt  petre,  in  the  compo- 
; fition  of  gunpowder,  ii.  31. 

Gypjumy.^\\2i^,  ii.  293.  — ufed  by  the  ancient's 
for  cielings,  medallions,  cornices,  &c.  ii. 

' 294.- — Ethiopians  covered  their  dead  with. 


'Hallery  baron,  'could  fmell  the  perfpiration  erf 
old  people'af  the  dillance  of  ten  yards,  iii. 

' ■ 88.  ; 

Halley,  his  opinion  of  the  origin  of  the  falt- 
’ nefs  of  the  lea,  ii. 96. — controverted,  ii.  98. 
— quoted  on  the  fiibjed  of  the  folution  of 
water  in  air,  iii.  113. 

Hainiltoriy  Dr.  his  effays  referred'  to,  iii.  1 17. 
Hannibal,  conjediire  concerning  the  ufe  he 
made  of  vinegar  in  opening  his  way  through 
■ the  Alpine  rocks,  i.  346. 
llarro'XK'gate,  heat  of  fome  fp.rii;gs  there,  iij. 
1 92. -^lulphur  well  there,  comroverly  about 
its  containing  fulphur,  iii,  195’.  — its  ful- 
phureous  water  imitated  by  di/iblving  lead 
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ore,  or  black-jack,  in  acid  of  vitriol,  ili\ 
197. — and  by  calcined  Tea  wrack,  iii.  204, 

Heat^  different  degrees  ofj  ufed  in  chemical 
operations,  i.  72.  — none  obfervable  in  the 
light  of  the  moon  colleded  into  a focus,  i* 

1 50.  — not  produced  by  the  rays  of  the  fun 
colledled  into  a focus  in  a medium  of  an 
uniform  denfity,  i.  156. — excited  by  mix- 
ing acid^  with  oils  and  with  water,  i.  259. 
— doubtful  whether  it  be  ever  excited  by 
mixture  of  fluids  whofe  bulks  are  not 
changed,  i.  261. 

licberden^  Dr.^thefirfl  perfon  who  obferved. 
that  much  more. rain  falls  into  a rain-gage 
fituated  near  the  furface  of  the  earth,. than- 
into  one  of  the.fame  dimenfions  a few  yards 
above  it,  iii.  71. 

llcnckely  the  firfl  perfon  in  Europe  who  pro- 
cured zinc  from  calamine,  iv.  34. 

Herculaneum^  the  cha.^coal  formed  there  by  the^ 
lava  which  dellroyed  the  city-flill  entire, 
iii.  48.— vefTels  of  bronze  covered  with  fil- 
ver  dug  there, .iv.  184. 

Herodotus  mentions  a curious  method  in  which  « 
the..  Ethiopians  preferved  their  dead, . iv* 

334- 

Hermetic  2iXU  chemiflry  fo  called  from  Hermes- 
fuppofed  to  be  Mizraim,  grandfon  of  Noah 
i.  10. 

Hermetically  fealed,  what,  iv..276. 

Higgins,  Dr.,  has  made  white  copper ^ from 
EngliQi  materials,  iv.  1 18. 

Hibjfocrates^  has  remarked  that  water  is  dimi- 

nifhed 
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‘ nlfhed  in  quantity  by  being  frozen^,  iii; 

’77* 

Wjlory^  -antediluvian,  contained  only  in  the 
firit  fix  chapters  of  Genefis,  i.  4.  — of  che- 
iniftry,  i.  8^- — authors  who  have  treated- oE 
it,  i.  48. 

Holy'-well,  method  there  in  ufe  of  ex  trading- 
filver  from  lead,, iii.  328. 

Hollund,  States  of,  method  ufed  by,  for  llop.- 
ping  an  epidemical  difeafe,  iii.  39. 

Hsoke,  Dr.,  his  opinion  concerning  all  land 
being  raifed  out  of  the  Tea  by  earthquakes,, 
i.  1 82.— thought  thafair  fupported  fire  by 
difTolving  the  inflammable  principle  of  bo- 

. dies,  iii.  40. — thought  that  the  parts  of  wa-r 
ter  had  different  degrees  of  voiaiility,  iii. 
166. 

hunter,  Dr.,  his  georgical  efTays  referred  to, 
iii.  I Jy-i. 

Huitifman^  famous  for  calling  fteel  at.  Shef- 
field,.iv.  147^ 

L 

Iceland  produced  by  volcanos,  i.  182. 

Ice,  method  of  making,  in  the  Eall  Jhdics, 
iii.  127.— may  be  made  in  the  middle  of 
fummer,  iii.  139.  — a fort  of  white  land,  or 
tranfparent  ftone,  iii.  173  — ufed  as  iione 
“by  the  Ruffians  in  1739,  iii.  174. — lofes  of 
its  weight,  by  expofure  to  the  air,  iii.'  173. 
— but  not  in  vacuo,  iii.  176. — quantity  of, 
on  the  furface  of  the  earth  Tuppofed  to  in- 
creafe  annually,  iii.  184. — limit  to  this  in-J^ 
creafe,  iii.  187. 

^ India, 
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b/afs  made  there  ia  remote  ages,.iv«- 

io6. 

horiy  known  before  the  deluge,  i.  5. — melting 
of,  known  to  the  Hottentots,  i.  6, — foften- 
cd  by  vitriolic  and  by  Tea  water,  i.  220. — 
changed  into  a kind  of  llone,  i.  222. — im- 
. prove4  by  being  buried  in  the  earth,  i.  22  u 
■ iv.  63. — apparenx  tranfmutation  of,  into 
copper  explained,  i.  234. — from  Lancalhirc 
ore  as  tough  as  5panilh  iron,  iv.  66. — few 
*.  forts  of,  fit  for  making  lleel,-iv.  67. — ufc 
of  in  war  forbidden  the  Romans  by  Por- 
fenna,  iv.  1 1 3. — great  lofs  of,  when  manu- 
fadured,  iv.  192. — ufed  for  covering  of 
houfes  in  Norway,. iv.  193. — and  in  Ruffia,. 

iv.  324- 

Ifidorus,  bifhop  of  Seville,  quoted,  iv.  93. 
^Japane/ej  faid  to  bury  their  iron  in  order,  to 
meliorate  it,  i.  221. 

^ct  diiiinguilhed  from  canncl  coal,  iii.  1 1.— ? 

weight  of  a cubic  foot  of,  iii.  12.  • 

Jewsy  whether  they  knew  the  art  of  tinning 
copper. vefiels,  iv.  182. 

K. 

'Kaliy  Arabic  name,  for  glafs-wort,  or  marfh 
famphirc,  i,  115. 

Kehhley  weight  of  a cubic  foot  of,  i.  47. 

Kelp  alhes  made  in  various  parts  of  Great 
. .ijritain,  i.  n 7.  — analyzed,  i.  (19. — con- 
tain lefs  lixed  alkali  than  is  contained. in 
Spanifh  barilla,  i.  128. 

of  Weiimoreland  flate  there, 

,iv.  320. 

Kumkely 
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‘Kunckely  his  procefies  for  enamelling  may'bc 
relied  on,  i.  34. 

L. 

Lapis  obfidianus,  what,  iv.  33^. 

^Lapis  fpecularis,  what,  ii.  297. — ufed  by  the 
'Romans  for  prote6ling  their  fruit  trees,  ii. 
298. — elleemed  by  Agricola  a fort  of  plaf- 
ter  Hone,  ii.  301. 

'Landey  M.  de  Lay  too  haftily  concludes  that 
the  Romans  did  not  know  the  art  of  tin- 
ning copper  vefTels,  iv.  183. 

'Uanrhaid*r  fpaw,  heat  of,  iii.  192. 

Lanjjfony  Dr,  Ifaacy  probably  the  fecond  per- 
fon  in  Europe  who  procured  zinc  from  ca- 
lamine,  iv.  39, 

'Lead  in  a llrong  fire  burns'! ike  rotten  wood, 
i.  171 . — changed  by  burning  into  alhes 
and  the  aOies  into  glafs,  i.  178. — the  afhes 
or  glafs  being  melted  with  charcoal,  or  any 
fubftance  containing  phlogillon,  becoilies 
lead,  i.  179. — melted  exhibits  a fuccefTion 
of  colours,  iii.  248. — property  of  exhibit- 
ing colours  dcflroyed  by  the* admixture  of 
fmall  portions  of  tin  and  zinc,  but  not  by 
bifmuth  or  filver,  iii.  246. — contained  in 
‘ a large  proportion  in  the  flags  of  the  melt- 
ing houfes,  iii.  294.  — quantity  of,  annually 
fmelted  in  Derbyfliire,  iii.  3 i 5.— conjec- 
'ture  that  if  till  that  is  raifed  in  the  king- 
dom was  refined  for  filver,  there  would  be 
► an  annual  faving  of  ninety  thoufand  ouncerj 
•■^of  filver,  iii.  3 1 6.  — quantity  of  lead  loll  by 

' ‘cxcrading  'the  filver,  iii.  330. — weight 
■ . ' ^ of 
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'of  a cubic  foot  of  varloui.  forts  of.  Hi.  ^99-, 
— quantity  of  filver  contained  in  thefe  forts» 
iii.  360, — heaviell  contains  leall-illver,  ib^ 
■ — weight  X5f  a fquare  foot  of,  when  ufed  as 
a covering,  lafls  but  a few  years  in  the  tor- 
rid zone,  iv.  322. — milled  more  uniform 
in  thicknefs  than  cad,  iv.  323. — inferior  as 
a covering  to  VVedmoreland  flate,  iv.  32.1 , 

^ heady  red,  or  minium,  how  made,  iii.  339. — 
manner  of  making  not  well  underdood  in 
France,  iii.  342. — weighs  more  than  the 
lead  from  which  it  is  made,  iii.  345.— the 
increafe  of  weight  owing  to  the  air  which 
is  abforbed  by  it,  iii.  347.— when  reduced 
into  lead  does  not  weigh  fo  much  as  the 
lead  ufed  in  making  it,  iii.  349. — made 
from  a mixture  of  ore  lead  and  dag  lead. 
Hi. 3 5 I.  — a portion  of  lead  remains  in  mak 
ir.g  red  lead,  which  cannot  eafily  be  chang- 
‘ ed  into  red  lead,  iii.  352. — this  portion 
does  not  contain  any  extraordinary  quan- 
tity of  filver,  iii.  334. — reduced  by  being 
melted  in  ind-ammable  air,  iii.  374. 

-heady  white,  or  cerude,  how  made,  iii.  361. 
— our  method  of  making,  the  ffime  as  that 
of  the  ancients,  iii.  362, — Roman  ladies 
ufed  it  as  a cofmetic,  ufe  of  it  cenfured  by 
St.  Jerome,  iii.  363 — ufed  to  adulterate 
wines,  iii.  369. — method  of  deteding  the 
adulteration,  iii.  371. 

"Limey  quantity  of,  obtained  from  various  forts 
of  calcareous  earths,  ii.  190,  — from  the 
fame  fort  of  earth  calcined- for  different 

‘lengths 
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^^^ler.gths  of  time,  iL  204. — increafe  of  weight 
• aG<juired  by  various  forts  of,  when  expoled 
to  the  air,  ii.  215. — the  fubilance  acquired 
not  evaporable  by  the  heat  of  fummer,  ii, 

'Litharge^  what,  iii.  325.  — quantity  of,  ob- 
tained from  a ton  of  lead,  iii.  329. 

London^  mQdiXi  heat  of  fprings  there,  iii.  193. 

^ Looking- glajfe 5,  how  filvered,  iv.  240. — in- 
quiry into  the  time  when  the  art  of  filver- 
ing  them  was  difcovered,  iv.  241. — men 
employed  in  Hlvering  become  paralytic,  iv. 

^53- 

^Luc^  M.-dSy  of  opinion  that  the  Glaciers  of 
the  Alps  annually  increafe,  ii.  184. — heat 
of  boiling  water  afcertained  by,  iii.  158. 

iLullyy  Raymundy  born  at  Majorca,  introduced 
the  notion  of  an  univerfal  remedy,  i.  20, 


‘M. 

Manganefey  ufed  in  giving  a black  glaze  to 
earthen^ ware,  ii.'27 1 . 

Marble,  black  Derbyfhire,  weight  of  a cubic 
foot^of,  ii.  207. — weight  of  lime  from  a 
ton  ot,  /^.—Sienna,  llatuary,  &c.  fpecific 
gravities  of,  and  quantities  of  lime  from 
given  weights  of,  ii.  187, 

^ Marcajite,  what,  i.  191, 

Marie,  what,  ii,  283.— method  Of  analyzing, 
ii.  285. — various  in  quality  in  the  fame 
pit,  ii.  287, 

Metals,  three  new  ones  lately  difcovered,  !, 
43.— compofed  of  earth  and  phlogillon,  i, 

>77- 
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’177. — fix  known  to  Mofes,  lii,  25  j.— d> 
ftinguiflied  from  femi-nrctals,  iii.  256. 

^Metallurgy ^ known  to  the  ante-diluvians,  i. 

— and  to  the  Hottentots,  i.  6. — and  to  the 
Egyptians  before  the  time  of  Mofes,  i.  i&, 

"^■^no  books  on,  left  by  the  ancients,  i.  28.- 
— improvement  of,  important  to  this  coun- 
try and  bell  accompli fhed  by  the  eftablifh- 
ment  of  a chemical  academy,  i.  47. 

Middktoriy  Sir  Hug'b^  Cleared  large  fums  from 
the  lead  mines  in  Cardiganlhire,  and  en- 
abled thereby  to  undertake  the  bringing  the 
new  river  from  Ware  to  London,  iii.  312. 

Milled  lead,  iifed  near  a century  ago  for 
ihe^lthing  of  fhips,  iv.  194. 

Minings  gunpo’wder  of  ufe  in,  i.  340. — fplit- 
' ting  rocks  by  the  fwelling  of  wet  wooacxt 
wedges,  an  art  of  the  miners,  i.  341.  — by 
wooden  fires  an  ancient  and  modern  prac- 
• tice,  i.  344. 

Modena,  a remarkable  rock  in  the  duchy  of,' 
iii.  9. 

Money ^ coined  of  pewter  by  James  11.  iv.  133,' 
^^and  by  the  American  Congrefs,  iv.  136, 

Mofes  did  not  probabiy  either  calcine  the 
golden  calf  or  render  it  foiuble  in  water, 

i.  I 2, 

Motion,  conflituent  parts  of  bodies  always- in 
motion,  i.  I 55. 

Mumid  mineral^,  whaty  iii.  4* 

Muratori  quoted,  iv.  241. 

*MiiJJchenbrceck  referred  to,  iii.  116. — his  edi- 
mate  of  the  weight  of  Englifk  tin,  iy.  i^». 

N.  Naptha, 
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N. 

-J^aptha,  what,  iii.  2. 

Nero  and  his  wife  fhod  their  horfes  with  gold 
and  filver,  \v,  188. 

Neutral  falts,  what,  i.  142. — table  of,  i,  14^. 

Ne'-wcafile  coal-pits  wrought  in  the  time  of  the 
Romans,  ii.  365. 

Nile,  overflowing  of,  flops  the  plague  in  E- 
gypt,  iii.  58. 

Nitre  and  falt-petre  fynonimous  terms,  u 247. 
— decompofed,  and  the  red  fumes  of  its 
acid  made  green  by  the, addition  of  water, 
i.  248. — decompofed  by  diflilling  it  with 
white  fand,  i.  253.  — cbmpofed  or  regene- 
rated, made  inflantaneoufly  by  mixing  a 
folution  of  pot-afh  with  acid  of  nitre,  i. 
125. 

Nuremberg,  brafs  made  there,  fitteft  for  mufi- 
cal  inflraments,  iv.  52. 

O. 

Oak,  dry,  quantity  of  afhes  from  the  combuf- 
tion  of,  and  quantity  of  faline  matter  from 
the  afhes,  i.  132. — rafpings  of  heart  of, 
give  a fine  blue  colour  with  a folution  of 
green  vitriol,  i.  245.— products  from  the 
diflillation  of  96  ounces  of,  ii.  327.— in- 
flammable air  froni,  ii.  329. — contains  one 
third  of  its  weight  of  air,  ii.  333.  — great 
lofs  of  weight  fuhained  by,  in  a few  days 
when  expofed  to  the  air,  iii.  20. — weight 
of  charcoal  from  96  grains  of,  iii.  27. 

Oil  of  turpentine  diflilled  with  acid  of  ful- 
phuf  yields  fulphur,  i.  1760— mixed  wdth 
VOL.  IV.  Bb  acid 
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acid  of  nitre  takes  fire,  i.  256. — Borrichiuf: 
the  firfl:  obferver  of  the  phenomenon ; au- 
thors referred  to  who  have  profecuted  the 
inquiry,  i.  258. 

* Oil  from  the  difiillation  of  pit-coal  of  two 
forts,  i.  32 1 . — quantity  of,  feparablc  from 
a given  weight  of  the  coal,  i.  322. — from 
the  dillillation  of  various  woods  of  the  fame 
nature  as  that  from  coal,  i.  327  — faving 
of,  recommended  to  the  burners  of  char- 
coal, i.  3<;2. 

germinating  in  the  open  air,are  increaf- 
ed  in  bulk  but  diminiQred  in  weight,  iii.99. 

Ordnance^  brafs,  call  at  Woolwich,  iv.  127. 

Ore,  lead,  purchafing  by  meafure  liable  to 
exception,  iii.  209* — fpecimens  of,  equally 
free  from  fpar  differ  greatly  in  weight,  iii. 
3.10. — fpeciiic  gravity  of  different  forts  af- 
certained,  iii.  2 12. — does  not  yield  its  lead 
as  foon  as  it  is  melted,  iii,  217. — yields 
lead  without  the  addition  of  phlogifton  by 
being  kept  in  fufion  for  a long  time,  iii. 
.219.— does  not  yield  fulphur  by  diflilla- 
tion,  iii.  220. — may  be  wholly  fublimed 
by  a ftfong  heat,  iii.  222. — cannot  be  de- 
compofed  in  clofe  veffels,  iii.  224. — -fu- 
blimed ore  refembles  common 'ore  in  ap- 
pearance and  weight,  iii.  227.—  fulphur 
feparated  from,  by  folution  in  acid  of  ni- 
tre, iii.  228. — fulphur  confiitutes  not  lefs 
than  a ninth  part  of  the  Derbylhire  lead 
ords,  iii.  231. — faving  of  fulphur  recom- 
.mended,  iii.  233.—  fublimate  of  lead  ore, 

laving 
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‘faving  of  recommended,  iii.  2^2. — fmelted 
by  wood  yields  more  lead  than  when  fmelt- 
ed  by  pit-coal,  iii.  253.  — improvements 
in  frnelting  hinted  at,  iii.  282, 

iron,  from  Furnefs  yields  a tough  iron, 
iv.  66.  — from  the  forell  of  Dean  good  for 
bar  iron,  iv.  67. 

^OrichaLurriy  in  the  time  of  Cicero,  a cheap 
metal  refembling  gold  in  colour,  iv.  85. — 
probably  the  fame  as  our  brafs,  iv.  87,  — 
made  by  the  Romans  from  the  fame  mate- 
rials from  which  we  make  brafs,  iv.  89.  — 
made  after  the  fame  manner  in  the  moft 
remote  ages  in  India,  and  in  other  parts  of 
Afia,  iv.  106.— fuppofed  that  there  was  a 
fadlitious  and  a natural  orichalcum,  iv.  107. 
— doubt  concerning  the  exigence  of  the 
natural,  iv.  109.— was  no  where  found  in 
the  age  of  Pliny,  nor  of  Plato,  iv.  110. — 
high  reputed  value  of,  no  proof  of  its  be- 
ing different  from  brafs,  iv.  112.  — deriva- 
tion of  the  term,  iv.  122. 

'Orkney  Iflands,  large  quantities  of  kelp  aflies 
made  there,  i.  1 1 8. 

P. 

Paracelfus  rejedled  galenical  and  introduced 
chemical  pharmacy,  i.  25. — revived  the 
notion  of  an  univerfal  medicine,  i.  27.  — 
boafted  that  he  could  cure  two  hundred 
difeafes  by  preparations  of  lead,  iii.  372. 

P afterdate,  near  Kefvvick,  a lead  mine  .rich  in 
filver  there,  iii.  256. 

•Pavement  with  Guernfey  pebble  and  with 
B b 2 Aber- 
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; Aberdeen  granite  compared,  iv.  34-5.“^e^- 
pence  of  making  in  the  roads  of  Lanca- 
(hire,  iv.  345. 

Fennant^  his  account  of  the  quantity  of  filver 
made  at  Holywell,  iii.  328. 

Fennarth  limeftone,  its  fpecific  gravity  and 
peculiar  quality,  iv.  346. 

Ferci^al^  Dr.,  his  eflays  referred  to,  iii,  72  — 

373- 

F crucians  fmelted  filver  without  a bellows, 
probably  after  the  manner  that  was  anci- 
ently pradlifed  in  Macedonia,  and  in  Der- 
byfliire,  iii.  264. — ufed  a polifhed  lava  for 
a fpeculum,  iv.  141. 

Fetroleum,  what,  iii.  2. 

Fenxjtery  of  what  it  is  made,  of  3 forts,  iv.167. 
— weight  of  a cubic  foot  of  each  fort,  iv. 
169.  — mixture  for  making  a filver-looking 
metal,  iv.  1 70. — affedation  of  myllery  in  the 
' manner  of  making,  iv.  171. 

Fhlegmy  what,  i.  69. 

Fhlogiftoriy  what,  i.  167. — identity  of,  afcer- 
tained,  i.  j 79. — probably  an  elaftic  inflam- 
mable fluid,  iii.  37. 

-Pit-coaly  Nevvcaflle,  Halle,  Alais  diflilled,  ii. 
3(8.— watery  liquor  feparable  therefrom 
contains  both  an  acid  and  a volatile  alkali, 
ii.  321. — two  forts  of  oil  procured  from  by 

• diftillation,  ii.322. — contains  a third  of  its 
weight  of  air,  ii.  325. — lofes  9 parts  in  20 

• of  its  weight  in  being  converted  into  coak, 
ii.  345.— pitch  and  tar  made  from,  by  Bec- 

, cher  in  .Charles  lid's  time,-  ii.  346.-^  and 

more 
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more  recently  at  Liege  and  at  Brofeley,  ii. 
347.  — average  quantity  of,  annually  im- 
ported into  London,  ii.  358. — weight  of  a 
Newcaftie  and  of  a London  chalder  of,  ii. 
360.  ~ weight  of  a cubic  foot  of  various 
forts  of,  ii,  361.— medium  weight  of  a 
bufhcl  of,  ii.  364. — burning  of,  introduced 
into  London  in  1305,  ii.  263. — prejudice 
againft  the  ufe  of,  ill  founded,  ii.  366.  — tar 
dillilled  from,  in  France,  iv.  207.  — me- 
thod of  didilling  brought  to  great  perfec- 
tion by  the  earl  of  Dundonald,  iv.  208. — 
rounded  by  water,  iv.  346. 

Bitch,  mineral,  what,  iii.  3. 

Flafter-Jione,  what,  ii.  296.  — quantity  of, 
raifed  annually  near  Newark,  ii.  310. — 
compofed  of  calcareous  earth  united  to  the 
acid  of  vitriol,  ii.  3 1 1 foluble  in  water,  - 

ii.  300. 

Blate,  French,  what,  iv.  212. 

Blatinuy  a feventh  metal,  lately  difcovered, 

iii.  256, 

Porcelaney.hovt  made,  ii.  273. — Drefden  as 
unvitrifiable  as  the  Afiatic,  ii.ayq.— reafon 
for  efteeming  that  fort  mofl  which  is  lead 
vitrifiable,  ii.  280.  — beft  method  of  encou- 
ragingmanufadoriesof,  in  Europe,  ii.282. 

Borjenna  did  not  allow  the  Romans  the  ufe  of 
iron  in  war,  iv.  1 15. 

what,  i.  13 1. —quantity  of  contained 
in  wood-alhes,  i.  133. — making  of  encou- 
raged, i.  135.— various  hints  relative  there-- 


to,  11,  254, 

BbS- 


INDEX. 

Pot-metaly  what,  how  made  by  the  ancients, 
iv.  135,  — medals  made  of,  after  the  age  of 
Sep.  Severus,  iv.  1 38. 

Precipitation  explained,-].  232. 

Pre-emption  of  ores,  right  of,  fliould  be  abo- 
liflied,  iii,  310. 

Priejileyy  Dr.,  his  experiments  referred  to,  iii. 
41,  42,  152,  169,  373.  iv.  304. 

Primajiusy  bilhop  ot  Adrumetuni,  quoted,  iv. 

94* 

Putty y what,  i.  71. 

Pyritesy  what,  i.  191. — found  amongil  pit- 
coal,  i.  194.  — heaps  of,  take  fire  Ipontane- 

* oufly,  ib. — land  abounding  with,  has  taken 
jfire  after  rain,  i.  197. — might  be  diftilled 
for  fulphur ; green  vitriol  made  from,  iii. 

• 293. 

^artZy  weight  of  a cubic  foot  of,  iv.  346. — 
two  pieces  rubbed  together  give  a phofpho- 
ric  light;  Briflol  ftone  pureil  fort  of,  iv. 
347. — fubjetSt  to  decay;  conilitutei  fands 
of  various  forts,  iv.  348. 

^ickjibvery  reduced  to  the  date  of  a malleable 
metal  both  by  natural  and  artificial  cold, 
i,  262,  &c. — evaporable  in  vacuo,  iii.  109. 
— tranfpirable  through  the  pores  of  the 
Ikin,  iv.  218.— diffolves  gold,,  iv.  2 19. — 
ufe.  of,  in  the  gold  and  filver  mines  of 
America,  iv.  221.  — no  mines  of,  in  Eng- 
land, iv.  222. — mines  of,,  in  Spain,  Hun- 
gary, America,  iv.  221. — how  to  be  difeo- 
yered  in  any  mineral,  iv.  226. 


R.  Rain^ 
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R. 

fiaiu^  different  quantities  which  fall  on  equal 
fpaces  fituated  upon  or  at  a few  yards  above 
the  furface  of  the  earth,  iii.  72. — pheno- 
menon attempted  to  be  accounted  for,  iii. 
73,  104. 

ReSiification^  what,  i.  70. 

Redudion^  what,  i.  178. 

Retort,  Receiver,  what,  i.  63. 

Rock  fait,  atNortnwich,  in  r^oland,  in  Spain, 
ii.  43.—  quantity  of,  folablc  in  a definite 
weight  of  water,  ii.  45. — ufe  of,  in  ilrength- 
ening  fea  water  or  weak  brine,  ii.  51. 

Romans  had  an  imperfedl  knowledge  of  Bri- 
tain in  the  time  of  Cicero,  iii.  302. — pro- 
bably taught  the  Britains  the  art  of  extradl- 
ing  filver  from  lead,  iii.  303. — knew  our 
method  of  making  brafs,  iv.  97. — compo- 
fition  of  ftatuary  metal  ufed  by  them,  iv. 
126. — compolition  of  their  pot-metal,  iv. 
135.  — knew  our  method  of  tinning  cop- 
per, iv.185. — ufed  glafs  for  their  windows, 
iv.  244, 

Roy,  Mr,  Le,  an  ingenious  experiment  of  his 
riluflrating  the  folution  of  water  in  air,  iii. 

Royal  Society,  origin  of,-i.  31. 

S. 

Saccharum  Satiirni,  what,  iii.  369. — wine  adul- 
terated by,  iii.  370. — method  of  difeover- 
ing  the  adulteration,  iii.  371. 

Saline  fubji ante,  what,  i,  loo.— of  three  forts,. 

B b 4 acid. 
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add,  alkaline,  neutral,  i.  112. — tables  of, 

i.  144.— compofition  of,  i.  147. 

SaitSy  all  the  different  forts  affume  in  cryftal- 
lizing  their  own  particular  form,  i.  86. 

Salt,  common,  compofed'^t  an  acid  and  the 
mineral  alkali,  how  d^compofed,  ii.  34. — 
flrongeft  part  of  its  acid  very  volatile,  ii. 
36. — how  made,  ii.  37.  — diftinguifhed  in- 
to foffil  or  rock  fait — fpring  fait — fea  fait, 

ii.  38.— 'foffil  frrft  difcovered  in  Che  (hire  in 
1670,  ib* — fait  fprings  above  and  below 
the  bed  of  rock  fait,  ii.  39. — mines  at 
Northwich  fuperior  to  thofe  of  Cracow,  ii. 
41. — rock  fait  ufed  in  lirengthening  weak 
brine,  great  quantities  exported  for  that 
purpofe  from  Northwich,  ii.  42. — fhivery 
common  fait  how  made,  ii.  62. — fecret  of 
the  Dutch  in  purifying,  ii.  64. — refufe  ufed 
as  a manure,  ii.  73. — applied  as  a manure 
in  too  large  quantities  produces  (lerility, 
ib*  — whether  daily  generated,  ii.  109. — 
probability  of  decompofing  it  by  putre- 
fadion,  ii.  3 56. 

Sali-petre,  manufadluring  of,  formerly  much 
attended  to  in  England,  i.  286. — authors 
referred  to  who  treat  of  the  manner  of 
making  it,  i.  291. — dearnefs  of  labour  and 
of  wood  aflies,  principal  reafons  of  the  fai- 
lure qf  attempts  to  eftablifli  manufadtories 
, of  falt-petre  in  England,  i.  293. — wood 
alhes  not  neceffary  in  all  cafes  to  the  mak- 
ing of  falt-petre,  ib. — falt-petre  or  fal  pe- 
tras  derived  from  the  faline  flioots  met  with. 

on 
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on*  old  walls,  i.  298. ~a  lamp  of,  foand  in 
digging  gravel  near  Bary  St.  Edmund,  i. 
2gq. — mineral  alkali  faid  to  be  fpontane- 
oufly  changed  into  falt-petre,  i.  300. — not 
always  accompanied  w'di  Tea  fait  in  the 
earths  where  it  is  generated,  i.  302. — dif- 
ficult to  decide  the  queftion  how  it  is  ge- 
nerated, i.  303  — never  produced  except  in 
fubhances  which  have  undergone  a putre- 
fadiive  fermentation,  i.  308  — its  produc- 
tion connedled  with  that  of  volatile  alkali, 
i.!3C9. — manner  of  making  of,  in  the  Eall 

Indies,  i.  324.  — and  in  Spain,  i.  321. 

quantity  imported  into  England  annually 
from  the  Eaft  Indies,  i.  324.  — quantity 
made  in  France,  i.  325. — wife  policy  of 
the  French  and  inadvertence  of  the  Eng- 
liih  noticed,  1.326. — the  Pope  and  duke  of 
Bavaria  amongft  the  firft  princes  in  Europe 
who  encouraged  the  making  of  falt-petre,  i. 
333- 

Sailors^  a cuftom  of  theirs  well  founded,  iii. 
124. 

^mSlorius*  eflimate  of  the  quantity  of  infenfi^ 
ble  perfpiration,  iii.  89. 

Saturation^  what,  i.  81. 

Scurfy,  thought  to  be  produced  in  our  fleets 
by  the  ufe  of  copper  veflels,  iv.  15  i. 

Sea  Watery  faltnefs  of,  not  known  whether  it 
is  greater  or  lefs  at  any  particular  place 
now  than  it  was  many  centuries  ago,  ii.  95. 
' — different  opinions  concerning  the  caufe 
of  the  faltnels  of,  ii.  96.— faltnefs  of,  in^ 
e many 
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many  different  latitudes  mentioned, . ii. .i  1 1, 

— an  eafy  method  of  eflimating  the  faltnefa 
of,  ii.  1 1 6.—  faltnefs  of,  at  different  depths 
in  the  Englifh  channel,  in  the  gulf  of  Both- 
nia, and  off  iilnetland,  ii.  120.  — tempe- 
rature of,  at  different  depths,  ii  134. 
— tellimonies  of  navigators  concerning  the 
congelation  of,  ii.  141.  — its  ice  yields 
frefli  water,  ii.  147.  — degree  of  heat  in 
which  it  freezes,./^.  — might  be  advantage- 
oufly  frozen  by  the  makers  of  fait,  ii.  151. 

— yields  frcfh  water  by  dillillation,  ii.  162. 
— covers  near  threefourth  parts  oftheglobe, 

ii.  160.— account  of  Dr.  Irving’s  method 
of  diftilling  fea  water,  ii.  165. — dillilled 
fea  water  not  quite  pure,  ii.  168. 

Selenitesy  rhomboidal,  of  what  compofed,  ii. 
296. — found  at  Shotover,  near  Oxford,  ii. 

^97- 

Shaky  an  indurated  clay,  alum  made  from,  ii. 
314. — impregnated  with  a mineral  oil,  iii. 
8.  — thicknefs  of  the  llratum  of,  in  Derby- 
fhire,  ii.  206. — weight  of  a cubic  foot  of, 
- iv.  345.  ^ . 

Shre^Jburyy  Welch  filver  minted  there  in  the 
great  rebellion,  iii,  3 1 2. 

Shuckburgy  SirG.y  his  account  of  the  heat  of 
boiling  water,  iii.  158. 

Silvery  no  mines  of,  in  Great  Britain,  iii.  301. 
— contained  in  our  lead  ore  in  great  plenty, 

iii.  307. — above  90000  ounces  of,  might 
be  annually  extradled  from  our  lead,  ii. 
316. — ftandard,  what,  iii.  332. — contained 
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in  red  lead,  iii,  355. — and  in  flag  lead;  iil,. 
3s7.— may  be -volatilized,  /^.—  quantity 
of,  contained  in  different  forts  of  lead,  iii, 
360 

Slags  from  the  lead  fmelting  houfes  contain 
much  lead,  iii.  264.  — weight  of  various 
forts  eftimated,  iii.  298. — and  of  iron  flag, 

iii.  300. 

Slate,  Weftm.oreland,  weight  of,  iv.  311. — 

■ imbibes  very  little  water,  iv.  314. — prioe 
of,  at  Kendale,  iv.  320. — quantity  of,  re- 
quifite  to  cover  42  fquare  yards  of  roof,  ih, 
— applied  as  a covering  nearly  as  heavy  as 
lead,  iv.  326. — cheaper  and  more  durable 
than  lead,  iv.  324. — lofes  about  one  tenth 
of  its  weight  by  calcination,  aded  on  by 
acids,  iv.330. — diflilled  gives  no  water,  iv. 
352. — may  be  melted  into  a black  glafs, 

iv.  333. — eftablifhment  of  glafs  houfes  at 
the  flafe  quarries  recommended,  iv.  334. — 
from  Northamptonfliire,  a calcareous  ftone, 
fplit  by  froft,  iv.  316. — weight  of,  iv.  327. 
— from  Cornwall,  weight  of,  iv.  319. 

.Snow^j,  its  fertilizing  quality  not  owing  to  ni- 
trous or  other  falts,  ii.  79.— water  of,  its 
difference  from  rainwater,  ii.  81. — not  tr/e 
caufe  of  wens  in  the  throat,  ii.  157. — height 
above  the  furface  of  the  earth  at  which  it 
never  thaws  in  different  latitudes,  iii.  183. 
Soda^  or  foude,  the  fame  as  kali  or  glafs- wort, 
i.  1 16. 

Soily  fandy,  may  have  a moill  atmofphere,  iii. 
60.—  may  be  too  wet  or  too  dry  for  vege- 

tation.j, 
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ration,  iii.  6 1.  — many  foils  injured  by  tak- 
ing away  pebbles  of  flint  or  limcllonc,  iii. 
62. 

Solution^  what,  i.  78. — owing  to  atlraflion,  i, 
82.  — diflinguilhed  from  mixture,  i.93. 

Soi^gh,  a large  one  in  Derby  (hire,  iii.  8. 

Specula,  ancient,  iii.  335.  iv.  139. — manner 
of  calling,  improved  by  Mr.  Mudge,  iv. 
142. 

Spar,  rhomboidal  and  cubical,  compared,  ii. 
276.  — fpecifle  gravities  of,  afeertained,  iii. 

3*v 

Steel,  cad,  porous  when  not  in  a flrong  fuflon, 
iv.  146. — calling  of,  when  and  by  whom 
introduced  at  Sheflield,  ib, — price  of  call- 
ing, of  drawing  into  the  (hape  of  razors, 
&c.  iv.  147. — runs  from  the  hammer  like 
fand  in  a welding  heat,  iv.  148. 

Stone,  feveral  forts  of,  diminilhed  in  denfrty 
and  dccompofcd  by  long  expofurc  to  the 
air,  iv.  60. — weight  of  a cubic  foot  of 
many  forts,  iv.  338. 

Strabo  deferibes  an  ore  of  zinc,  iv.  97.  — and 
the  formation  of  the  Rhenifh  mill-llonc,  iv. 

Sublimation, i.6o.— of  quickfilver  known 
to  Diofeorides,  i.  66. 

Sulphur  compofed  of  an  acid  and  phlogifton, 
i.  169. -^proportion  of  thefe  parts — formed 
by  dillilling  the  acid  of  fulphur  with  char- 
coal— and  with  fpirits  of  wine — and  with 
oil  of  turpentine— and  by  pouring  the  acid 
on  melted  lead,  i.  173.— fublimed  from 

Har- 
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'Harrowgate  water,  iii,  196. — contained  in 
the  lead  ore  of  Derbyfhire,  iii.  232. — ob- 
tained from  the  roallingof  copper  ore,  and 
might  be  obtained  from  the  pyrites  which 
is  found  amongll  pir-coal,  iii.  293. 

S‘weat,  evaporation  of,  cools  the  body,  iii. 
130. 

ufe  of  copper  ve/Tels  abolilhed  in  the 
navy  and  army  of,  iv,  150. 

T. 

Tahhy  of  the  weight  of  a cubic  foot  of  cawk, 
&c.  i.  47.— of  falts  in  general,  i.  144. — 
of  neutral  falts  with  alkaline  bafes,  i.  143. 
— of  the  quantity  of  falt-pctrc  imported 
into  England  in  7 years,  i.  324.  — and  of 
the  quantity  exported,  ib. — of  the  propor- 
tions in  which  the  materials  for  making 
gunpowder  are  ufed  in  different  countries, 
ii.  16. — of  the  temperature  of  the  lake  of 
Geneva  at  different  depths,  ii.  138. — of  the 
weight  of  a cubic  foot  of  various  calcareous 
ftones,  ii.  187.  — of  the  lofs  of  weight  fuf- 
tained  by  calcareous  Hones  during  calcina- 
tion, ii.  1 90. — of  the  thickneffes  of  the  Hrata 
in  Derbyfhire,  ii.  206. — of  the  increafe  of 
weight  which  different  limes  acquire  by 
' expofure  to  the  air,  ii.  21  3. — of  the  lofs  of 
weight  fuftained  by  different  calcareous 
• fubllances  during  their  folution  in  an  acid, 
ii.  239 — 244.  — of  the  relative  weights  of 
china,  flint  ware,  yellow  ware,  ii.  2S2. — 
of'  the  produi^s  obtained  by  dillillation 
from,  different  forts  of  pit-coal,  ii.  318. — 
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<and  of  the  different  forts  of  wood, 

— of  the  quantity  of  pit-coal  annually  im- 
ported into  London,  ii.358  — of  the  weight 
of  a cubic  foot  of  diifc  rent  forts  of  pit-coal, 

ii.  361. — 'Of  a cubic  foot  of  different  forts 
of  wood,  iii.  19. — of  the  weight  of  char- 
coal from  different  forts  of  wood,  ii.  27. — 
^of  the  heat  of  boiling  water,  iii.  158.  — of 

the  weight  of  a cubic  foot  of  different  lead 
ores,  iii.  2 i o.— and  of  fpars,  iii.  2 1 5. — and 
of  various  flags,  iii.  298. — and  of  toad- 
Eone,  &c.  iii,  300. — of  the  quantity  of  fil- 
ver  extracted  from  lead  in  Wales,  iii.  328. 
•—of  the  weight  of  different  forts  of  lead, 

iii.  339. — of  the  filver  contained  in  the 
fame,  iii.  360.- — of  zinc  contained  in  dif- 
ferent calamines,  iv.  24. — of  the  weight  of 
different  pieces  of  brafs  ordnance,  iv.  128. 

■ — of  the  weight  of  a cubic  foot  of  various 
mixtures  of  tin  and  lead,  iv.  165. — of  pew- 
ters, iv.  169.— of  the  weight  of  a cubic 
foot  of  various  forts  of  Weftmoreland  llate, 

iv.  31 1.  — of  the  quantity  of  copper,  date, 
&c.  requilite  to  cover  42  fquare  yards  of 
roof,  iv.326.  — of  the  weight  of  a cubic  foot 
of  feverai  forts  of  ftones,  iv.  338. 

Tar,  method  of  making  of,di.  348. — made 
from  pit  coal  at  Liege,  ii.  349.—  making 
of,  recommended  to  the  burners  of  coak, 
ii.  351. — and  of  charcoal,  ii.  332. — made 
by  the  earl  of  Dundonald,  and  in  France, 
iv.  208. 

Tartar,  what,  i.  i37»~-falc  of,  what,  i.  158. 

—cream 
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'—cream  of,  what,  — oil  of  delignium, 
what,  i.  1 39.— quantity  of  water  attraded 
from  the  air  by,  iii.  97. 
what,  iii.  324. 

common,  imbibes  much  water,  iv.  3140 
— great  weight  of,  when  applied  as  a co- 
vering for  houfes,  iv.  326. 

Tiny  a fmall  portion  of,  deilroys  the  colours  of 
melted  lead,  iii.  2 45. — ^principal  ingredient 
in  the  mixture  for  tinning  copper  velTels, 
iv.  153. — ufed  alone  for  that  purpofe,  ib, 
— pure  Englilh  contains  no  arfenic,  iv.  15  5, 

.. — pure  ufe  of  not  unwholfome,  iv.  157. — 
purity  of,  how  afcertained  in  Cornwall,  iv. 
159.  — block  of,  what,  ib. — in  Holland  all 
forts  of,  fold  as  Engiifh  tin,  iv.  161.— 
weight  of,  iv.  162.  — in  fetting  after  fuiion 
is  brittle,  ib, — grain,  what,  iv.  163, 143. — 
.mixed  with  lead,  iv.  165, -"Englilh  faid  by 
foreigners  to  be  a mixed  metal,  iv.  173.-" 
melts  with  lefs  heat  than  any  fimple  metal- 
lic fubftance  except  quickfilver,  iv.  189. 
'^inning  of  copper,  thicknefs  of  the  tin  on  the 
copper,  iv.  180.  — improved  method  of, 
lately  difcovered  at  Paris, — art  of,  known 
to  the  Romans,  iv.  185. 

Tinning  of  iron,  how  performed,  iv.  196. — « 
whether  iron  might  not  be  filvered  in  the 
fame  way,  iv.  200. — quantity  of  tin  ufed 
in  covering  a definite  furface  of  iron,  and 
the  thicknefs  of  the  tin  efiimated,  iv.  202. 
— hiftory  of  the  tin  plate  manufadory,  iv. 

Toaajiotw^ 
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TToadJione^  Derby  (hire,  thicknefs  of  Its  lira* 
^ turn,  ii.  206.-  -refembles  Tome  forts  of  Ve» 
fuvian  lava  in  hardnefs,  colour,  and  weight, 
iii.  299. — may  be  melted  into  a black  glafs, 

, is  reduced  by  the  air  into  mould,  weight  of 
a compaft  and  of  a decaying  piece,  iii. 
300.  — kones  refembling  toadllone  found 
in  various  places,  iv.  337. 

\-Tranf mutation  of  metals,  uncertain  when  the 
notion  was  introduced,  i.  16. — never  prov- 
ed to  be  an  impoflible  problem,  ib*  — prac- 
tice of,  prohibited  by  pope  John  in  1316, 

— and  by  Ad  of  Parliament,  5 Hen.  IV. 
ib,  — allowed  by  letters  patent,  35  Hen. 
VI.  i.  24. 

rTutenagj  the  Indian  name  for  zinc,  iv.  28. 

V. 

.■^Vatentiney  Bafiky  greatly  contributed  to  the 
introducing  antimony  into  the  pradice  of 
phyfick,  i.  2 I . 

Vapoury  rifing  from  the  ground  in  dry  wea- 
ther, quantity  of,  eftimated,  iii.  ;;3. — is  at- 
traded  by  glafs,  but  not  by  fiiver,  &c.  iii. 
62. 

. Vegetation^  improved  by  fmall  quantities  of 
common  fait,  ii.  75.  — influenced  by  the 
quantity  of  water  raifed  from  the  earth,  iii. 
64.'— light  and  air  requifite  for,  iv.  301. — 
water  converted  into  earth  by,  iv.  307. 

. Vermilion,  what,  iv.  229. 

*Vitrioly  green, what,  i.  208.— compofed,  i.2 10. 

— decompofed,  i.  211.  — phlegm,  fpirir, 
oil,  glacial  oil  cf,  i.  215.  — native,  how 

formed. 
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farmed,  i.  216. — met  with  in  the  cannel 
coal-pits  near  Wigan,  i.  218. — blue,  white, 
what,  i.  222.— green,  how  made  at  Dept- 
ford, Wigan,  &c.  i.  224.  — price  of,  funk, 
i.  226. — hiltory  of  its  being  made  in  Eng- 
land, i.  227.  — manner  of  difcovering  whe- 
ther it  contains  copper,  i.  229. — may  be 
made  after  copper  is  precipitated  by  iron, 
i.  242, 

Von  S'uuab,  dillilled  zinc  from  black-jack  in 
1738,1.45. 

Volatility^  what,  i.  53. 

Volcanos^  illands  produced  by,  i.  183^ 

W. 

Water^  fnow,  rain,  analyzed^  ii.  80.— Tea, 
contains  about  of  its  weight  of  fait,  iij 
98. — river,  contains  about  one  four  thou- 
landth  part  of  its  weight  of  fait,  ii.  1 10. — 
'frees  itfelf  from  falts,  earths,  air  by  conge- 
lation, ii.  152.  — great  quantity  of,  evapo- 
rated from  the  ground  in  hot  weather,  iii. 
52, — quantity  condenfed  by  glafs  velfels, 
iii.  68.  — diffolved  in  the  air,  iii.  76. — a 
verfe  in  Gcnefis  illuftrated  from  the  folu- 
tion  of  water  in  air,  iii.  86.  — how  extradl- 
ed  from  the  air  in  the  drieU  weather,  iii. 
92. — imbibed  by  the  human  body  from  the 
air,  iii.'  103. — boiling  heat  of,  afcertained^ 
iii.  158.  — a curious  experiment  relative 
thereto,  iii.  159. — phenomenon  of  boiling 
not  w^ell  afcertained,  iii.  165. — fpring,  hea-t 
of  in  different  parts  of  England,  iii.  1 88. — 
tranfmutability  of,  into  earth;  hihory  of 
VOL«IVd  G c exp0rf 
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experiments  relative  thereto,  iv.  257. — 
made  red  hot,  iv.  273.  — quantity  of,  on 
the  furface  of  the  earth  daily  diminifhed, 
iv.  279.“fuppofed  to  be  the  food  of  vege- 
tables, iv.  293. 

Ware,  flint,  method  of  making  in  Stafford- 
fliire,  ii.  259.— when  firfl  made  there,  ii. 
261 . — glazed  with  fait,  ii.  265. — this  me- 
thod of  glazing  when  introduced,  ii.  266. 
— yellow,  method  of  making  and  of  glaz- 
ing, ii.  268.  — Hone,  made  at  Brillol,  ii. 
272. 

Wellsy  burning,  at  Brofely,  Wigan,  &c.  iii.7. 
Winifred’s,  heat  of,  iii.  192. — air  in,  de- 
ftrudlive  of  flame  and  life,  iii.  154. 

Winey  art  of  making  of,  known  to  Noah,  i.  8. 

Wood  afhes,  method  of  analyzing,  i.  98. — 
oak,  box,  mahogany,  fallow,  produ^is 
from,  by  diflillation,  ii.  327.  — the  fame  in 
quality  as  from  pit-coal,  ii.328. — weight 
of  different  forts  of,  iii.  19.  — freflt  fawn 
lofes  greatly  of  its  weight  in  a few  days, 
iii.  20.  — this  obfervation  of  ufe  with  refpedl 
to  the  carriage  of  timber,  iii.  23. — long 
foaked  in  water  finks,  and  when  dried  af- 
ter foaking  is  lighter  than  it  was  before, 
iii.  24. 

Warty  fermenting,  heat  of  the  fame  as  of  an 
animal  body,  iii.  92. 

Z. 

diflilled  from  black-jack,  i.  45. — mixed 
with  melted  lead  hinders  the  lead  from  ex- 
Jiibiting  colours,  iii.  24. — manufadlory  of, 

ella- 
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feftabiiftied  at  Briflol  by  Mr.  Champion  iti 
1743,  ^'^•37'  — quantity  annually  made 
there,  Iv.  47. — method  of  making,  iv.  39. 

— fent  to  Birmingham  under  the  name  of 
fpelter,  iv.  40. — made  at  Goflar  in  Ger- 
many and  in  India,  iv.  41 . — relative  weight 
of  Indian  — German  — Bnglilh,  — 
combuflion  of,  ufe  in  fireworks,  yields  in- 
flammable air  by  folution  in  acid  of  vitriol, 
iv.  43. — method  of  obtaining  pure,  iv.44. 

— made  by  Mr.  Emerfon  at  Henham,  iv. 
45. — melted  with  copper  conftitutes  pinch- 
beck and  other  yellow  metals,  iv.  36. — bed 
proportions  afeertained,  — a patent  for 
making  brafs  from  zinc  and  copper,  iv.  47. 

— recommended  for  covering  copper,  iv. 
175- 

Zojimtis^  in  the  4th  century,  knew  the  art  of 
dillilling,  i.  68. 

Kops,  fait  pan,  ii.  54. 
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..  p.  48.  1.  4-  for  centuries,  years. — p 

207.  J.  12. /or  1768,  rW  1778. 


m 


